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Preface

“Urban resilience is the capacity of individuals, communities, institutions, businesses,
and systems within a city to survive, adapt, and grow no matter what kinds of chronic
stresses and acute shocks they experience” (100 ResiLient Cities 2019). Resilient
cities are more resistant towards different kinds of risks and hazards (e.g. natural
hazards, human-made shocks such as a financial crisis, etc.) and allow for integrated
approaches. Resilience as a cross-sectoral topic is based on integrative strategies
and overall guidelines, which have to be developed commonly and bring together
political, economic and civil stakeholders to increase the adaptive capacity of cities.

In many cities, the question arises how and with which measures the resilience can
be increased as well as how strategies for successful sustainable urban develop-
ment can be implemented. Therefore, we are pleased that the German Academic
Exchange Service (Deutsche Akademischer Austauschdienst) and the German Fe-
deral Foreign Office (Auswartiges Amt) grant our joint research project or exchange
“Resilience as Challenge for European Cities (HeKriS): Developing urban planning
strategies and concrete projects” from 2017 to 2019. The project is based on a part-
nership between the National Technical University of Athens — NTUA (Faculty of Ar-
chitecture) and the Leibniz University of Hanover — LUH (Faculty of Architecture and
Landscape). The main objective of HeKriS is to qualify Greek and German students
as well as young researchers to (1) understand the challenges of a sustainable and
resilient urban development, (2) analyse the steering mechanisms and instruments
and (3) develop appropriate strategies and measures for resilient cities, including
new and robust governance arrangements between public, private and civil stakehol-
ders (governance structures).

This publication is the result of the Hanover Summer School 2019 on resilient Euro-
pean cities and city-regions that took place from 22nd to 26th July 2019. This year’s
summer school dealt with the issue of “Governance of Resilience: Environmental
Challenges in European Cities”. The participating students were required to holisti-
cally analyse and develop planning strategies and concepts concerning vulnerabili-
ties caused by climate change such as urban heat islands and floods in the area of
the city of Hanover. This publication firstly presents contributions from scientists and
experts involved in the summer school on the issues of local, regional and supra-re-
gional approaches towards coping with internal and external shocks and stresses in
the light of urban resilience. Secondly, it outlines the strategies, ideas and conceptual
approaches for the local context in the city of Hanover developed by the participants
in interdisciplinary groups. With the third publication of the HeKriS project summer
school, we hope to contribute to the ongoing discussion on building more resilient
and sustainable cities.

Lena Greinke, Filip Snieg, Riva Lava and Thanos Pagonis
Hanover and Athens
December 2019
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Infroduction

Heterogeneous Perspectives of
Urban Resilience - Dealing with
Flood and Heat Events

in European Cities

Kendra Menking

Leibniz University Hannover
https://doi.org/10.15488/6747

Numerous threats, stresses and shocks occurring from both
natural hazards and human-made events are not only put on
our ecosystems but further concern our urban and regional
systems. Global warming has reached European cities and
city-regions with its alarming impacts such as enduring heat
waves and heavy flash floods. To react to these challenges and
to reduce vulnerabilities in response to rapidly changing climat-
ic conditions and growing urban complexities, various planning
concepts have been introduced to urban and regional devel-
opment.

This contribution deals with the issue of making our cities and
city-regions resilient. The scientist Crawford S. Holling has been
shaping the resilience research by having defined resilience as
“[...] [determining] the persistence of relationships within a sys-
tem and is a measure of the ability of these systems to absorb
changes of state variables, driving variables, and parameters,
and still persist.” (HoLuing 1973: 17). Until today, his ecosys-
tem approach has been further developed and translated into
the field of urban and regional planning by becoming a holistic
approach to problem-solving (ScHARTE & THoma 2016: 127ff).
Yet, the concepts’ multiple facets and characteristics compris-
ing economic, social and ecological aspects, challenge spatial
planners and actors to successfully respond to uncertain condi-
tions to serve for equal living conditions of citizens and to create
attractive urban agglomerations. Being considered as a crucial
step towards achieving sustainability, the notion of developing

Responding to
climate change
challenges
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European
Perspectives for
Resilient Cities

resilient urban landscapes has been becoming increasingly
popular (see Branp et al. 2011; BURKNER 2010; ScHARTE & THOMA
2016).

This publication offers heterogeneous perspectives and several
solutions for tackling the challenges by thematically focusing
on urban resilience research towards climate change. The fol-
lowing contributions specifically address threats from flooding
events and the occurrence of urban heat islands. Crucial ca-
pacity-building actions and measures to cope, adapt and trans-
form are demonstrated in six contributions to give valuable
insights for shaping resilient European cities and city-regions.

Dirk Schmidt from the Climate Control Department of the city of
Hanover introduces into the climate change adaptation strategy
established for the City of Hanover. With his contribution “The
City under Climate Change: The Adaptation Strategy for
the City of Hanover”, he emphasises Hanover’s increasing
threats and consequences to climate-related stress such as the
occurrence of urban heat islands and heavy rainfall events. For
Hanover, aspects concerning town planning, water manage-
ment and landscape planning are taken into consideration for a
local climate adaption strategy plan that includes eight further
pillars. Dirk Schmidt presents local planning examples focusing
on flood protection, rainwater management, de-sealing, pre-
ventive soil and ground water protection and further measures.
He stresses the importance of public awareness to build resil-
ience within the city.

The following paper “Urban vulnerability analysis towards
heat - based on the example of the city Hanover” written by
Julia Michalczyk well-explains a research method to analyse
heat vulnerability for evaluating capacities of heat avoidance
and reduction in urban quarters. Affected areas in Hanover city
are presented by mapping out areas, finding, that by 2050 the
entire Hanover urban area will be vulnerable to heat. Simple
measures of improvement dedicated to the functions of respec-
tive areas are proposed. Additionally, the role of vulnerability
assessments for the maintenance of high quality of life and
support decision-making in the context for climate adaption is
emphasised.



Prof. Dr. Lutz Katzschner from Kassel university enlightens the
topic of “Urban climate evaluation for urban development
and urban design”. This third contribution gives ample expla-
nation on designing climate-responsive as well as sustainable
and energy-efficient inner-city settlement developments in the
city of Frankfurt. By using urban climate maps, the case study
provides detailed analysis and recommendation maps which
are being used to vividly highlight the usage and importance of
climate models for resilient urban planning.

The geographic location of the city-region Hanover has always
been prone to flooding. Dr. Frank Scholles from the Institute
of Environmental Planning approaches this issue for Hano-
ver and its region by pointing out how good governance and
urban planning support enabling flood resilience. The paper
“Governance of Flooding Risks in the Region and the City
of Hanover” offers valuable examples for experts and practi-
tioners how successful flood prevention can be established by
land-use planning.

The last two contributions are written by the professors Thanos
Pagonis and Riva Lava from the National Technical University
of Athens, Schools of Architecture who contribute with practical
implications from Greek contexts.

Prof. Dr. Thanos Pagonis discusses “The regeneration of Ly-
cabettus hill as example of resilient planning” in Athens. He
links the resilience concept with an urbanism that he highlights
as being a crucial factor for urban resilience. The author pre-
sents recent challenges of Athenian urbanism in the city before
referring to the Lycabettus programme to explain the regener-
ation of the hill in relation to urban governance structures. Ap-
proaches towards urban resilience are elaborated.

Prof. Dr. Riva Lava’s research is located at the Greek island
Santorini in the 21st century by exploring the island’s role in
tourism, resilience, identity and the future. Graphically, she
outlines Santorini’s natural and societal challenges of dealing
with local challenges. In “21st century Santorini - tourism,
resilience, identity and the future. Public awareness as the
focus of NTUA pedagogics” Prof. Dr. Riva Lava exemplary

Kendra Menking
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presents ways of resilience-building in Santorini by focusing on
the topics of modern heritage, traditional settlements, landform
and inhabitation as well as the cultural carrying capacity.

These excellent contributions enrich resilience research by
providing theoretical input and practical frameworks, guidelines
and examples for expert, scientists and practitioners for coping
with climate change and building urban resilience.
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1. The City under Climate
Change - The Adaptation
Strategy for the City of
Hanover

Dirk Schmidt

City of Hannover

Environmental Protection Sector
https://doi.org/10.15488/6748

Abstract

The paper shows the impacts of climate change in the city
of Hannover. Problems with heat load and extreme weather
events (heavy rain, summer droughts) are already in existence.
In the future, these impacts are expected more often und more
extreme. Hannover has dealt with the consequences of climate
change at an early stage and has already developed a local
adaptation strategy in 2012. The strategy comprises of eight
fields of action, which were defined as particularly significant.
The article describes the adaptation measures which are im-
plemented in the last years and which are necessary in future
to maintain the quality of life for the people living in Hannover.
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The Complex
of Problems
Regarding the
Urban Climate

The climate of a city differs significantly from that of a widely
undeveloped landscape. This is primarily due to the changes
caused by human building activity (housing, trade and industry,
traffic areas), whereby the soil and surface characteristics, the
water balance and the air composition are changed sustain-
ably. The typical urban climate is influenced by the degree of
sealing and the proportion of green space, the building struc-
ture (height, density, shape and arrangement of the buildings),
the heat storage capacity as well as the thermal conductivity
of the artificial surfaces and by air pollutants and waste heat.

The larger a city, the more intensive is the formation of a heat
island and therefore the temperature difference to the unde-
veloped surrounding area. This is pronounced distinctively dur-
ing summer nights, and it amounts to a maximum of seven to
eight degrees centigrade in Hannover. This is also illustrated
in the climate analysis map of the City of Hannover, that was
developed in 2016 (Geo-Net 2016). During a summer night, the
warmest sectors are found in the inner city and on the large in-
dustry and trade areas, the coolest sectors at the outskirts and
in the river meadow.

The city climate is most distinctly formed during so-called au-
tochthonous weather conditions. These are low-wind high-pres-
sure weather conditions with dominating local influences. These
weather conditions can appear annually on 15 to 25 per cent of
the days in Lower Saxony.

Besides local climatic changes, the high extent of sealing
has further consequences for the city. Due to the sustainably
changed soil and water balance, heavy rain events can more
often lead to flooding and thereby damages to streets and build-
ings. There are examples of this in many German cities. Severe
flooding as a result of heavy rain with corresponding damages
occurred in Dortmund and Bad Honnef on 20™ June 2013, in
several communities in Bavaria and Baden-Wirttemberg on
29" May 2016 as well as in Hannover on 22" June 2017.



The negative consequences of the dense urban building de-
velopment will appear more often and more extreme with the
continuing climate change. In Hannover, the following changes
are to be expected:

1. Increased heat load, heat waves, a significant rise in the
number of hot days and tropical nights with negative effects on
human health

2. Changes in the distribution of precipitation, an increase in
heavy rain and extreme weather events resulting in an increase
in the risk of flooding and damages to buildings and associated
infrastructure

3. Increase in periods of summer droughts with negative effects
on agriculture, forestry and water management.

For the City of Hannover, the summer heat stress, changing un-
der the influence of climate change in the course of this century,
was simulated by means of a model calculation. Depending on
the building structure (density of construction or proportion of
green respectively) the number of days with heat stress varies
in parts significantly.

In the inner city of Hannover, the number of very hot days (days
with a maximum temperature of more than 30°C) will increase
from actually nine to ten very hot days per year to 12 to 13 very
hot days until the middle of the century. By the end of the cen-
tury, there will be 21 to 22 very hot days on average (see Figure
1). As a result, the number of very hot days in the inner-city
sector will more than double until the end of the century. Within
the green areas, like the Herrenhausen Gardens, the number
of very hot days will increase from actually two to three days up
to nine to ten days until the end of the century (Geo-Net 2006).

Therefore, it can be concluded that the areas, in which the
consequences of the global warming will become particularly
evident, are characterised by an urban structure with a high
building density, a high building volume and a low level of green
facilities.

Dirk Schmidt

Intensification
of Negative
Consequences
for the City of
Hannover due
to the Climate
Change
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On top of that, the climate projections show, that the heat
periods will last longer and their start will be moved into the
springtime, a season, in which the human organism is not yet
accustomed to the heat and therefore reacts more sensitive
to heat stress. People affected by heat stress will mainly be
older and weakened persons but small children, too. Against
the background of the demographic change and the observed
trend, that older people move from the surrounding regions into
the city again (shorter ways, a higher level of service offers) the
number of affected (heat sensitive) people will increase even
more.
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Fig. 1. Summer Heat Stress under the Influence of Climate Change in the
State Capital Hannover — Average Number of Days with Strong Heat Stress
at the Beginning, the Middle and at the End of this Century. (Geo-Ner2011)



Although the climate simulations forecast the most serious
changes only for the second half of this century, the course has
to be set today already for a climate-adapted sustainable devel-
opment of Hannover. Since 2009, the Division Environmental
Protection of the City of Hannover is intensely involved with
the subject “Climate Change and Adaptation”. The reason was,
amongst others, the resolution of the German Adaptation Strat-
egy by the Federal Government in December 2008. What start-
ed with a thesis paper “Adaptation Strategies towards Climate
Change” led in 2010 into the cross-departmental development
of the adaption strategy for Hannover.

With regard to the expected changes caused by climate change
(see above), three working groups were established, which de-
veloped adaption measures for different subjects. The results of
the individual working groups were a central component in the
development of the adaption strategy for the City of Hannover.

The “Adaption Strategy to Climate Change for the Capital City
Hannover” was made public in April 2012. It comprises of eight
fields of action, which were defined as especially important
within the framework of the working group phase.

. Flood Protection

. Rainwater Management and Handling of Heavy Rain Events

. Preventive Soil and Groundwater Protection

. Roof Greening

. Climate-adapted Vegetation

. Climate-adapted Urban Planning and Climate-adapted Con-
struction

. Specific Map Climate Adaptation

. Public Relations and Educational Activities

o a b~ ON -

© N

For the implementation of the initial adaption measures, the
“Programme for the Minimization of the Consequences of the
Global Warming” was compiled and provided with funds to a
total of 1,050,000 Euros for the period 2012 to 2016. Further-
more, some measures were funded through other programmes
(e.g. Flood Protection, Street Restructuring).

Dirk Schmidt

The Adaptation
Strategy for the
City of
Hannover
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Examples from
the Action
Programme

Action Field 1:
Flood Protection

The Action Programme “Flood Protection in Hannover” with
an investment volume of about 30 million Euros covers sev-
eral actions. At first, the outflow width of the river Ihme in the
area “Schwarzer Bar” had to be expanded. Therefore, the Ben-
no-Ohnesorg-Bridge had to be reconstructed (see Figure 2).
The old bridge formed a bottleneck, which slowed down the
floodwater runoff and caused floodings in the south bordering
city regions. With the new bridge, the span was significantly
increased by 21 metres. As a further measure, the foreland on
the east side of the river was dug out by 1.5 to four metres over
the length of 1.2 kilometres, and thus the volume for flood re-
tention was increased.

Besides that, the extension of the dyke in the city district Rick-
lingen was part of the action programme. There had been a gap
in the existing protection systems which was closed by means
of an earth wall and a protective wall.

In the past, the originally near-natural rivers and brooks were
strongly straightened and with the usage of the near-natural
meadows flood plains were lost. In the course of flood events,
the loss of natural retention areas leads to the increase of the
high-water mark, particularly in the lower course of waters (and
especially in the Leine river). In 1996 the Hannover Council de-
cided to develop the Hanoverian flowing waters more near-na-
ture and structured again. Integral parts are, amongst oth-
ers, the creation of high-water profiles with variably designed
slope angles and berms in medium water height, the creation
of reserve river meadows by the construction of structurally
rich riparian strips and the expansion of flow-off profiles. The
measures are aiming at slowing down the outflow of the flowing
waters and thus moderating the flooding events. Meanwhile,
22 waters have been completely or partially redesigned near to
nature since 1996.



Fig. 2. The Reconstruction of the Benno-Ohnesorg-Bridge with the Newly
Designed Ihme Embankment. (DepARTMENT ENVIRONMENT AND URBAN GREENSPACE,
STATE CAPITAL HANNOVER)

An important part of the adaption strategy concerns the rain-
water management. The aim is water-sensible urban develop-
ment. Floodings should be avoided as far as possible and the
canalisation relieved through the retention of water on the sur-
face as long as possible (without causing damages). Particular
importance in this respect is laid upon the multi-usage of areas.
Innovative solutions and new views of “Water in the City” are
required. This also includes the acceptance of water at places,
where it is usually not found.

The following measures are examined and where possible im-

plemented:

« |dentification of city districts/street areas (e.g. sinks), which
are especially threatened by floods in case of heavy rain.

* Relief of these areas through suspension of lateral (canali-
sation) inlets or connection of these areas to less burdened
sewers / areas.

« Creation of additional seepage areas (also independent from
development planning procedures).

* Targeted control of the runoffs for rainwater including the re-
spective design of these areas (emergency waterways) by
the inclusion of heavy rain events into the planning of streets,
ways and places; extension of traffic areas as backwater ar-
eas.

» Adaptation of the design of street profiles, curbs and house
entrances to water drainage necessary in case of heavy rain

Dirk Schmidt

Action Field 2:
Rainwater
Management
in the Handling
of Heavy Rain
Events

21



22

The City under Climate Change - The Adaptation Strategy for the City of Hanover

Action Field 3:
Preventive Soil
and Groundwa-
ter Protection

events.

» Temporary usage of green areas as emergency overflow are-
as (multi- and interim usage of areas).

* Retention of rainwater through temporary technical storages
(cisterns). Usage of the water for the irrigation of public spac-
es during dry weather periods.

* Desealing of paved surfaces, especially in highly sealed city
districts and permanent greening of these areas. Examples:
Desealing of no longer required / over-dimensioned traffic ar-
eas; enlargement of tree-grids in the inner city, desealing of
inner courtyards, reduction of the traffic area at the “Hohes
Ufer” through the construction of a green corridor according to
the programme City 2020).

An example of rainwater management in a development area
is the “Zero:e park” on the southern periphery of Hannover. 300
private homes were erected here in a passive house method
of construction. A trough-trench system manages the drain-
age of this area. Surplus water is retained in three dry rainwa-
ter retention basins and led throttled into the receiving water
(Hirtenbach). Despite the sealing, no more water is led into the
receiving water as was before the development of the former
farmland.

The development area “Herzkamp” in the Bothfeld city district
(250 housing units) which is actually under construction, is
completely built without a rainwater canalisation. The rainwa-
ter is drained away in road-accompanying troughs and troughs
within greenspaces. In the case of heavy rain events, emergen-
cy waterways and overflows take care of a damage-free dis-
charge into the greenspaces bordering the construction area.

Near-nature soils contribute to the improvement of the city cli-
mate. Due to the lower surface heating and the higher evapora-
tion of near-nature soils in comparison to sealed areas, heat ex-
tremes can locally be diminished. The water retention function
of near-nature soils contributes to the reduction of impacts of
heavy rain events and dry summer periods. Therefore, the posi-
tive climatic effects of the soil should be maintained as much as
possible, and the soils have to be protected in the best possible
way against the impacts of climate change.



The adaptive measures contain:

» Maintenance of near-nature soils that are still existing in the
city

* The reutilisation of already built-up areas

* Desealing of areas and

* Restoration of natural soil functions.

In 2013, a traffic area of about 4000 m? could be unsealed and
after that greened. This refers to the bus lane on Friedrichswall,
which led past the New Town Hall between Willy-Brandt-Allee
and Lavesallee. Further desealing on a smaller scale was car-
ried out since 2012 in connection with the renovation of three
locations.

The adaption strategy of the City of Hannover also provides for
a promotion programme for fagade and roof greening. This pro-
gramme started in 2012 and is offered in cooperation with the
non-governmental organisation BUND (“Friends of the Earth
Germany”) for the Hannover Region. The BUND informs build-
ing owners about the advantages of roof and fagade greening
as well as the funding opportunities that were made available
by the City of Hannover. Funded are up to a third of the eligible
costs of a measure. In case of roof sizes up to 250 m?, this
amounts to a maximum of 3,000 Euros, with more than 250
m?2 to a maximum of 10,000 Euros. Apart from the roof green-
ing, facade greening is funded up to a third of the costs. This
amounts to a maximum of 3,500 Euros with a greening of mul-
ti-layer exterior wall structures (thermal insulation system, sus-
pended facades) and a maximum of 500 Euros with all other
fagade greenings.

Ideally, the greened roof should be combined with a photovol-
taic system (see Figure 3). The experiences of recent years
have shown that the efficiency of these systems is better than
on tarmac or gravel roofs.

The positive effects of a roof greening are:

* Retention of precipitation (up to 70% with extensive and up to
90 per cent with intensive greening)

* Reduction of peak discharges by 50% (remaining runoffs are
released time-delayed into the canalisation)

Dirk Schmidt

Action Field 4:
Roof Greening
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Action Field 5:
Climate-adap-
ted Vegetation

» Cooling of the surroundings by water discharge and evapora-
tion (evapotranspiration)

Furthermore, roof greenings offer a habitat for numerous plants
and animals and increase, thereby the biodiversity, especially
in densely populated urban quarters.

Fig. 3. On the roof of the maintenance depot StammestraBe a photovol-
taic system was installed in addition to the roof greening. (DePARTMENT ENvi-
RONMENT AND URBAN GREENSPACE, STATE CAPITAL HANNOVER)

A mapping of greened roofs in the year 2016 showed that in the
City of Hannover 3,131 roofs with a total area of about 836,200
m? have been greened. The greened roofs can primarily be
found in commercial areas. In residential areas mainly subter-
ranean garages and single garages are greened. Thereby the
number and size of greened roofs increase from the inner city
to the outskirts. The largest greened roof has a size of 9,645 m?.

Vegetation has a large influence on the urban climate and has
a positive effect on its surroundings. A body of air flowing over
green areas adapts to their properties. The air is cleaned, the
evaporation of plants increases the moisture of the air, and the
temperature is lowered. If the body of air changes its position,
e.g. resulting from corridor winds into a neighbouring residential
area, its positive properties will be carried further, the heat-bur-
dened residential area will be cooled.



Trees with large crowns are climate-effective elements within a
city. Especially their cooling effect in summer and their function
as providers of shade are of great importance for the reduction
of thermal stress.

However, the plants themselves are affected by climate change.
Summer heat- and dry periods lead to impairments: they dry
out or discard their leaves. Thereby their bioclimatic function
(creators of cool air, air moisturizers) is strongly reduced. So, in
Hannover, copper beeches had already to be felled, which were
damaged by “Climate Stress” over several years.

With all replacement plantings of trees and bushes in the fu-
ture, the conditions altered by climate change must be taken
into consideration. Therefore, the following measures are car-
ried out, especially in the heat burdened, densely populated
city quarters:

* Choice of shrub species that are better suited to the future
climate situation (choice from the Climate-Species-Matrix; Kli-
ma-Arten-Matrix, KLAM)

« Irrigation of the urban green areas. In this context, alternatives
to drinking water are preferred (cisterns, rain retention basins)

* Enlargement (desealing) and substrate exchange at tree
grates in order to increase the vitality of the trees

A fundamental renewal of the tree population in the southern
part of Philipsbornstral’e was carried out in 2012/2013. The row
of street trees standing there, consisting of Norway maple and
Sycamore trees was in a desolate condition. After the removal
of the trees, the root areas were restored, the tree grates en-
larged by desealing measures and with Ginkgo tree and Honey
locust two drought-tolerant species were planted.

In 2014, a total of 14 trees were planted on both sides of the
street in an up to then a non-greened section of Sallstralle to
shade the pavements and roadways. This will have a positive
effect on the temperature field of the street. The shading by the
trees can lower the near-ground temperature on a sunny sum-
mer day by up to 12°C in comparison to a non-shaded street.

Dirk Schmidt
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Action Field 6:
Climate-ad-
apted Urban

Planning and
Climate-adap-
ted Construc-
tion

The target of a sustainable City planning is the permanent as-
surance of a good quality of life for the inhabitants in all parts
of the city. To this belong healthy living and working, the supply
with goods of daily requirement as well as easy accessibility of
all necessary resources, leisure and nearby recreation possi-
bilities and a maximum level of security against the impacts of
catastrophes and bad weather events.

Sustainable city planning empowers the so much needed con-
sensus for action against climate change worldwide.

The climate changes that have to be expected require a re-
thinking of the traditional practise for planning and construc-
tion of buildings and the layout of open spaces as well as in
parts the integration of new building standards, adapted to the
changed conditions.

Particularly the spatial interconnectedness of open spaces and
built-up areas, hence the city structure as an entity, can buffer
negative impacts of climate change. To what extent the existing
structures are sufficient and whether additions will be required
at certain points, in order to maintain the residential location,
Hannover as worth living in has to be carefully assessed in the
course of every new planning as well as during the overplan-
ning of the portfolio.

Substantial for climate-adapted urban planning is also the
consideration of the requirements and rhythms of life of the
population, changed with the climate, as well as the active in-
clusion of the residents in the development and realisation of
climate-adapted behaviour patterns.

With regard to the city structure, it is especially important to
continue specifying “The City of Short Ways” in future as an
essential target for the city administration. Compact building
structures are, in favour of maintaining directly adjacent open
spaces, especially suited to develop a climate-adapted urban
structure in already densely built-up locations, to point out and
to increase the attractiveness of alternatives to the motorized
traffic and thereby counteract the heating-up.



Especially important in this context is, of course, the preser-
vation of cold-air productive open spaces, fresh air corridors
and the graduated green system of close-to-home, city-district-
near and wide-ranging green spaces. A large-scale connection
between urban and regional linking of open spaces should be
ensured because they represent important cool air delivering
areas for the City of Hannover.

Provided an analysis of existing and presumably newly occur-
ring “Hot Spots” has been carried out, the laying out of new
green spaces can be necessary to counteract an overheating
of the densely built-up city areas. Interlinking of the new green-
spaces with existing ones ensures the development of a cli-
mate-adapted urban structure in this way.

It makes sense to connect a compact, area-saving development
of settlements with an open space structure concept, that limits
the residential development in the interior area to an adequate
construction density. A redensification should furthermore take
priority over an unlimited exterior development.

Further elements / measures for a climate-adapted city are:
» Shade giving greens (deciduous trees with large crowns and
pergolas) as well as structural shade creators (arcades, sun

sails)

» Fountains (moving water) at places with a high thermal load
(see Figure 4)

+ Optimising the cooling of buildings (avoiding the usage of air
conditioning systems)

* Light-coloured surfaces and fagades (usage of the Albedo-ef-
fect)

Dirk Schmidt
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Action Field 7:
Specific Map
Climate Adap-
tation

Fig. 4. The Trammplatz in front of the New Town Hall - on hot days, fhe foun-
tains offer a welcome cooling possibility in the city. (DEPARTMENT ENVIRONMENT
AND URBAN GREENSPACE, STATE CAPITAL HANNOVER)

In order to steer the urban development in the direction of a “cli-
mate-adapted” city, the aspects of climate change must already
be considered before the planning stage, e.g. of construction
planning and urban development planning and be integrated
in the plans. Therefore, a “Specific Map Climate Adaptation” at
the scale of the Land-use Plan was developed as part of the
adaption strategy. It is meant to serve as a decision support tool
for the implementation of adaptation measures and as a basis
for all climate-relevant planning.

The specific map shows, for example, important cool air de-
livering areas and bioclimatically higher burdened settlement
areas. Climate comfort islands are displayed, smaller cool air
delivering areas (less than 2 hectares) like greened inner court-
yards and public places with a welfare impact which is in gener-
al limited to the area itself and does not unfold a long-distance
effect (like larger cool air delivering areas do). The climate com-
fort islands offer, especially on very hot days, pleasant places of
stay for the city residents. Furthermore, the specific map points
out areas, in which a significant rise in the heat burden will take
place until the middle of the century. Moreover, institutions like
day-care centres and hospitals are shown, in which people stay



who react more sensitive to heat stress. Additional information
of the map relates to the floodplains along the rivers that are
defined by law and residential areas with an above-average
population density.

It is planned, to include further subjects in the specific map in
future.

Legend
Bioclimate
coldai sveam
coldar delvery area
I cimate comortisand
setlement areas with high biocimatialload
Increase in the summer heat load untl 2050
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. e
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¢ o

hospital
O retiement home

| High water / heavy rain events.

NN Oberschwemmungsgebiet (100jahriges Hochwasser)

| e omains
e

= A 5 WY wing averter vith shove-average popuiston density
5 & - __ ; s > 340 inhabitantsha

w = a“; RN Y \ I borcer o th iy of Hannover

Fig. 5. Excerpt Map Climate Adaption (on the right: Le-

gend). (DePARTMENT ENVIRONMENT AND URBAN GREENSPACE, STATE CAPITAL HANNOVER)

It is very important that the population will be informed about
the subject of climate change and the possibilities of adaptation
measures. Because the citizens of the city are not only persons
affected by the climate change but also actors who themselves
are responsible for the implementation of adaption measures,
for example through a change in behaviour during heat periods
or through taking precautionary measures on their houses to
protect them flooding or storms.

The City of Hannover offers material on the subject of climate
change for day-care centres and schools. Furthermore, it in-
forms citizens by flyers and brochures (e. g. Tips for behaviour
on hot days) but also through public lectures. Between 2013
and 2017 the city organised in cooperation with the Adult Ed-
ucation Centre Hannover a series of events totalling eight lec-
tures on different aspects of the climate change.

Dirk Schmidt

Action Field 8:
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Conclusion  Climate change represents great challenges for the cities. Es-
pecially larger cities will feel the consequences of the climate
change even stronger because their climatic conditions have
changed due to strong sealing and dense building as well as
through waste heat from factories, air-conditioning and cool-
ing systems, central heating and car exhaust gases. The city is
warmer, dryer and less exposed to the wind than the rural sur-
rounding. Climate change will increase this effect even more.
This requires short-term measures, to protect for example the
health of citizens but also long-term measures, for example
in the urban development planning in order to counteract in-
ner-city heat islands, to minimize the danger of flooding during
heavy rain events or to adapt the city trees to the changed cli-
mate conditions.

The Capital City Hannover had already published an adaption
strategy to the climate change in 2012, that contains eight fields
of action with a bundle of measures. In the same year, the “Pro-
gramme for the Minimization of Impacts of Global Warming”
was compiled, and the initial adaption measures were imple-
mented.

The aim of a long-term adaption strategy is, to maintain the
quality of life for the people living in Hannover at the present
high level and where possible even to increase them through
adaption measures to the changed climatic conditions, that are
initiated as early as possible. Therefore, it is necessary to think
ahead and to act, whereby a climate-adapted urban develop-
ment is maintained, and the resilience is promoted.

Bibliography

Geo-NEeT, 2006: Karte der sommerlichen Warmebelastung unter dem Einfluss des Klimawan-
dels in der Landeshauptstadt Hannover.

Geo-NET, 2011: Werkstattbericht: Klimawandel in Hannover — Thermischer Wirkungskomplex

Geo-NEeT, 2016: Analyse der klimadkologischen Funktionen und Prozesse fir das Stadtgebiet
von Hannover

LANDESHAUPTSTADT HANNOVER, 2017: Leben mit dem Klimawandel — Hannover passt sich an.
Schriftenreihe kommunaler Umweltschutz, Heft 53 (2), geanderte Auflage. Hannover.

RoLoFF, A., BonN, S. & GILLNER, S., 2008: Klimawandel und Baumartenwahl in der Stadt — Ent-
scheidungsfindung mit der Klima-Arten-Matrix (KLAM), Dresden









2. Urban vulnerability
analysis fowards heat
based on the example
of the city Hanover

Julia Michalczyk

Non-profit climate protection agency Region Hannover
https://doi.org/10.15488/6749

Abstract

The exposure to heat is currently seen as the most important
direct impact of climate change on human health (Menne 2011:
6f). In areas with high levels of sealing and low aeration, the
overheating in cities leads to urban heat islands. This results in
an acute need for action for urban and environmental planning
to optimally exploit the potential of local measures to mitigate
this stress situation for urban residents and to be able to local-
ize the adaptation measures to the changing climate. Against
this background, planning action is crucial to the reduction of
vulnerability as well as the targeted establishment of adaptation
capacities against the effects of climate change (BMVBS 2010:
10).

This master-thesis aim to use a GIS-based analysis to accurate-
ly identify the vulnerabilities of the city of Hanover against heat
(depending on the different adaptive capacities of the room).
The work shows that against the background of increasing cli-
mate change, the determination of the vulnerability of urban
areas plays a central role in maintaining healthy living quality.
Furthermore, this work has shown that vulnerability analysis is
a central starting point when it comes to identifying vulnerable
uses of space against the effects of climate change and making
them more adaptable through planning measures.
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Intfroduction

Climate change and fluctuations have already been recorded in
the past. However, human activity has never before had such
a rapid and significant impact on the climate as it has in recent
decades (UBA 2012: www, IPCC 2014: 6f).

According to the Intergovernmental Panel on Climate Change
(IPCC) (2007), climate projections assume that the average
annual temperature in Germany will warm increase by 1.8 to
4,0 degrees between 2081 and 2100 compared to the refer-
ence period 1980-1999 (FeperaL GovernMENT 2008: 8f). Climate
change will vary significantly from region to region and season
to season.

The frequency and intensity of extreme weather events will in-
crease overall. In the future, there will be fewer cold days, but
the number of summer days (daily maximum above 25°C), hot
days (daily maximum above 30°C) and tropical nights (daily
minimum not below 20°C) will probably increase significantly
(SMUL 2005: 9f; WitTING & ScHucHARDT 2013: 43; UBA 2017:
www). Due to the rise in temperature and the higher number of
heat days, there will also be more frequent heat periods, which
may last longer (WiTTiNG & ScHucHARDT 2013: 43).

This range of possible climatic changes influences in particu-
lar future-oriented planning projects, so that climate change
is becoming increasingly crucial for planning (BMVBS 2009:
5; RossLer et al. 2014: 1). Compared to rural areas, large
cities, urban regions and their inhabitants are particularly af-
fected by extreme weather events and face challenges of ad-
equate adaptation to climate change (BMZ o. J.: www; WITTING
& ScHucHARDT 2013: 43). Due to large surfaces of sealing, the
concentration of the population, the durability of built infrastruc-
ture or the excessive input of air pollutant emissions, cities heat
up much more than the surrounding countryside, a fact which
can be summarised under the terms “urban heat”-problem or
“heat island effect” (SteinrRUckE et al. 2010: 1, StapT KARLSRUHE
2013: 78). Additionally, there are high settlement pressure and
still-rising demand for housing, which tends to exacerbate the
problem even further (GEWOS 2013: 4; StapT KARLSRUHE 2013:
78).



Consequently, there is an increased need for action in urban
areas - in comparison to the surrounding countryside. When
developing adaptation measures for the consequences of cli-
mate change, it should be noted that each city has its own ur-
ban climate as a result of its respective urban structures (so-
called urban climate). So that cities, individual districts and
even apartment blocks can exhibit different sensitivities and
vulnerabilities (LHS StuttearT 2017: www). The significant im-
pact of climate change, particularly in the case of heat pollution,
does not only affect human health in the sense of a healthy life,
work and environment. Human health (in terms of healthy living
and working conditions) is most affected by the consequences
of climate change (Cawmre et al. 2015: 343f). Especially in in-
ner-city quarters, due to the heat islands, is associated with the
heat-induced health burdens for the residents and an impair-
ment of the residence quality (IPCC 2014: 16; HoLsT & MAYER
2010: 13, BoncarDT 2013: 13).

To improve the performance, well-being and health of people,
the cities and conurbations will inevitably have to focus more
on the future of the adaptation to the consequences of climate
change (SteiNnrUCKE et al. 2010: 1). In the future, urban develop-
ment will have a unique role. It should develop solutions, which
are optimized for urban climates in order to reduce the thermal
stress within the settlement area even under extreme heat con-
ditions (STADT KARLSRUHE 2013: 78).

However, it is not only the warmer urban climate that increas-
es health and physical stress. The sensitivity of human beings
to heat also determines the level of stress. Not all people are
affected equally: Especially the elderly, sick people or Infants
are more sensitive or more susceptible (so-called vulnerable
children population groups). However, even healthy people,
heat can lead to exhaustion and lead to reduced productivity
(BMVBS 2009: 22, Stapt Hannover 2009: 2; IPCC 2014: 16;
RossLER et al. 2014: 1, UBA 2015: 606ff). To adapt to the heat
islands in urban areas, it is, therefore, necessary to identify the
likely effects, to assess them as best as possible and to repre-
sent them spatially. Only on this basis, climate-change-adapt-
ed structures can be developed in order to reduce the risks
for human health and the environment or delete them.

Julia Michalczyk
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Concept and
aim

Methods

Thus, the urban climate and its effect on humans acts as a de-
cisive factor in urban planning and, against this backdrop, they
are also a key factor for the establishment of legal principles (e.
g. §1 para. 3 no. 4 BNatSchG or the Federal Immission Control
Act) (Reiss-ScHmiDT & BECkrROGE 1993: 58f; MaTzarAkis 2001: 9).

According to recent developments in urban and landscape plan-
ning principles (see Federal Nature Conservation Act §1 Para.
3 No. 4 BNatSchG or BauGB 2011 (§1 Para. 3 No. 4 BNatSchG
or BauGB 2011). 1 para. 5 BauGB), it becomes clear, that urban
climatic issues and their effects are already relevant to planning
and will be among the most important tasks of spatial devel-
opment in the future due to the increasing number of extreme
weather events (SpieckeRMANN & Franck 2014: 159). Although
climate change and extreme weather events cannot be excluded
from planning processes, the vulnerability of the population and
cities can be reduced through foresighted action (adaptation).

Therefore, of essential importance are the identification of
heat-sensitive as well as affected areas and the derivation of
local spatial vulnerabilities within the urban periphery. An urban
vulnerability analysis against heat stress using the example of
the City of Hanover can record and evaluate affected urban
areas, as well as their vulnerability, as determined by compen-
sating adaptation capacities.

Vulnerability to heat stress results from social aspects de-
mographic sensitivity as well as from use-related sensitivity
(degree of sealing) including compensatory reduction and al-
ternative capacities. The work aims to identify vulnerability
precisely (depending on the different adaptation capacities of
the space) and to determine where adaptation measures are
necessary and which areas should be given priority. The results
are presented in maps and are intended as a decision-mak-
ing aid for the implementation of adaptation measures.

There are hardly any standardized methods in the literature for
investigating existing vulnerability (Weis et al. 2011: 12). The
methodological steps of vulnerability analysis were mainly ori-
ented to sections of the vulnerability analysis in the Region of
West Saxony in May 2011 (SchmipT et al. 2011).



First, the first component of vulnerability, the exposure to heat,
is described. In addition to exposure, sensitivity is also consid-
ered. Shown are two different sensitivities. The third result is
the intersection of the sensitivities and the exposure, this re-
sults in an area that is affected.

The Exposure describes the heat islands in the city (status
2006). These areas are characterised by dense building de-
velopment and high degrees of sealing. Due to their greater
distance from greened areas, they are no longer sufficiently
ventilated during higher temperatures at night (DEPARTMENT OF
ENVIRONMENT AND CiTY GREEN 2015: 2).

The exhibition shows current heat islands, but also future
rooms burdened by heat, in which the summer heat load will
increase until 2050. The gradation is carried out in the catego-
ries moderate, high and very high Increase of days with heat
load during the period 2001-2010 to 2046-2055 (DEPARTMENT OF
EnviRoNMENT AND CiTy GReeN 2015: 3). In addition to exposure,
sensitivity is also considered. This reflects the sensitivity of the
population (BMVBS 2011: 5) towards the phenomenon.

To determine the sensitivity of the people to heat stress, two
aspects should be considered.

A. Sensitivity to use describes exposure to heating effects due
to sealing.

B. Demographic sensitivity describes the sensitivity of people
to heat stress, depending on their age or condition of health.
Another factor of demographic sensitivity is population density
per hectare (ScHmipT et al. 2011: 48).

The intersection of the sensitivities and the exposure results in
an area that is affected. This mainly depends on the geograph-
ical distribution and the possible overlapping of the sensitive
areas in the climate-charged urban space. In addition to the de-
termination of the areas currently affected, the analysis will also
be carried out in future identified affected areas. After determin-
ing and evaluating the local impact, the adaptation capacities
are determined. To maintain well-being and quality of life as

Julia Michalczyk
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Results

well as the reduction of climatic stress in urban areas, there are
several different adaptation concepts. In the result, there is an
adaptation by reduction or also an adaptation by evasion.

A reduction capacity exists, for example, through the presence
of areas producing cold air such as forests, water bodies or
agricultural land. Such entities cause a reduction of heat stress
of the areas affected within urban space by radiating effects.

In contrast, the avoidance capacity describes the presence of
climatically favourable areas that can be visited in the event of in-
creasing heat loads. Due to their small size, these areas have no
mitigating effect on the surrounding buildings (ScHmipT etal. 2011:
53). In the context of two different adaptive capacities, two differ-
ent vulnerabilities of space arise accordingly (BBSR 2016: 21).

The assessment of the vulnerability of urban spaces to heat
within the framework of their reduction capacity results from
the combination of demographic sensitivity and exposure as
well as the use-related sensitivity (this component based on the
degree of sealing, includes compensating reduction capacities).
Vulnerability within the framework of the alternative spaces
results from the combination of the affected areas with the alter-
native capabilities (alternative spaces within walking distance).

The results of the individual steps of the vulnerability anal-
ysis are described below. The data on exposure were given
and are, therefore, not described in the results chapter. The
first partial result was the spatial determination of the sensi-
tivities. The next step was to determine the affected areas in
relation to heat. This result, in combination with the adaptive
capacities, finally resulted in the vulnerability of urban spaces.

Sensitivity - The sensitivity is based on two indicators: firstly,
the demographic sensitivity, which relies on the proportion of
senior citizens in the total population, the population density
and the density of socially sensitive facilities, and secondly,
on the usage-related sensitivity. The second indicator is the
degree of sealing, which, according to Mosivann (et al. 1999)
is derived from the land-use mapping (ATKIS Basis DLM).



The map (see Figure 1) depicts the urban areas in which de-
mographic sensitivities overlap and spaces are to be assessed
by different sensitivities. The population density, the proportion
of senior citizens and the density of sensitive social facilities
overlap. The demographically sensitive areas were assigned
to a 5-step sensitivity scale. Areas with a very low demograph-
ic sensitivity are located outside the city, where the population
density is very low, the proportion of senior citizens is deficient,
and the density of social facilities is very low. These are, for
example, the characteristics of the districts Misburg-Siid, Lahe
or Isernhagen-Sud. Due to the concentration of high individual
sensitivities, the districts Oststadt, Vahrenwald, List, Stidstadt
or Linden-Nord and Linden-Mitte are highly demographical-
ly sensitive. One striking feature is the concentration of high
to very high demographic sensitivities surrounding the medi-
um-sensitive districts of city-centre, Nordstadt and Calenberg-
er-Nordstadt.

The higher the degree of sealing of a surface, the higher is the
degree of sensitivity of the surface to heat. Highly sensitive are-
as include mainly industrial and commercial areas, traffic areas
but also areas with restricted development methods. The hous-
ing estates with an open construction method and individual
buildings as well as railway facilities are less sensitive. Green
areas and open spaces that are not sealed, such as forests,
water bodies and agricultural areas, are not sensitive to heat
loads. These areas are shown in white on the map.

Legend Degree of sealing
Sensitivity due to use shown in five categories

No sealing (green and open spaces)

Hardly any sealing (< 25% sealing)

Low degree of sealing (25-50% sealing)

Average degree of sealing (50-70% sealing)

High degree of sealing (> 70% sealing)

INiE
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Results of the
affectedness
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Fig. 1. Degree of sealing - Sensiﬁv‘iry due fo use shown in five categories.
(MicHaLczvk 2017)

The Current affectedness is composed of the aggregation
of demographically sensitive areas with highly bioclimatic
settlement areas. Three levels of concern in the urban area
were identified: medium, high and very high. Larger areas with
medium levels of exposure to heat are primarily commercial
and industrial zones outside the city, in the districts of Stdcken,
Brink-Hafen and Mittelfeld. In comparison, very severely affect-
ed areas can only be found in smaller parts of the urban area.
These areas are located in the districts of Vahrenwald, List,
Sudstadt and Oststadt.

The Future affectedness is composed of the aggregation
of demographically sensitive areas with areas where heat
stress will increase by 2050. It is generally noticed that in
2050 significantly more residential areas within the urban area
will be affected by heat stress. It is also noticeable that the de-
gree of involvement only increases in small areas (e. g. Lin-
den-Mitte, Vahrenheide). In a few settlements, the degree of
concern even decreases (e. g. in Misburg-Sid).



It is expected, that many urban areas will be at least severely
affected by heat, unless protective- or adaptation measures are
taken.

It should be noted that, especially in the currently highly and
very highly affected areas, the degree of affectedness will
expand significantly in the future (see Figure 2). A significant
spatial expansion of the affected areas can be expected in the
districts of the city centre, Vahrenwald, List, Oststadt, Stidstadt,
Linden-Nord and Calenberger Neustadt. On the other hand, the
outskirts of the city are less affected due to a low increase in
heat and a low demographic sensitivity.

Fig. 2. Excerpt from the district maps Vahrenwald/List. Top: Areas currently
affected by heat, bottom: areas with an increase in heat load (scenario
2050) (MicHaLczvk 2017)

Julia Michalczyk
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Results on
adaptation
capacity

Vulnerability
results

Vulnerability
resulting from
the considerati-
on of alternative
spaces

From a climate-ecological perspective, the green and open
spaces in the city of Hanover provide a dual ecosystem ser-
vice. On the one hand, heat-stressed city dwellers can use the
areas during the day as a recreation area (alternative space
including pedestrian accessibility). On the other hand, the ar-
eas are above all cold air production and transport areas with
radiating effects on surrounding areas, which normalise the ur-
ban climate and enable the inhabitants to have a restful sleep.
Both maps (see Figure 2) represent almost the same green and
open spaces. The map of alternative areas shows large areas
such as forests, parks, water bodies and garden colonies, as
well as smaller climate comfort islands. The agricultural areas
in the urban area are unsuitable as an alternative space and
are therefore not shown. It can also be seen that green and
open spaces can be reached within a maximum radius of 300
meters (corresponding to 5-10 minutes on foot) in the city area,
and that it is ensured that the population can seek recreation
in nearby bioclimatic favoured areas on hot days. In addition to
the green and open spaces, the map also shows the agricul-
tural spaces, including the radiating effects (up to 100 meters)
as areas of climate-ecological importance with heat reduction
capacities.

Both vulnerable areas identified are made up of

- the walking accessibility of the alternative areas

- vulnerable areas resulting from adaptation capacity.

The results on the vulnerabilities are explained separately be-
low.

The following figures 3-6 show the current impacts with a focus
on demographic sensitivities, the alternative areas suitable for
recreation and their pedestrian accessibility (up to a 300 meter
radius). Consequently, the areas affected by the heat that is
outside the walking distance of the evacuation areas are vul-
nerable residential areas. The inhabitants of the affected areas
lack the possibility to visit recreational areas and climatic com-
fort islands within walking distance in case of high heat loads.



Fig. 3. Section of fhe current results mctp Linden-Mitte dlsfncf Vulnerability
under consideration of the alternative spaces (current scenario). (MicHaL-
czvk 2017)

L o

Fig. 4 Section of the results map 2050 Lmden lete dlsfncf Vulnerobmfy
under consideration of the alternative spaces (scenario 2050). (MicHALCzvk

i

Fig. 5. Section of the current results map; City Center of Hanover. Vulnera-
bility under consideration of the alternative spaces. (MicHaLczvk 2017)

Julia Michalczyk
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4 "l

Flg 6 Section of the results map 2050 Cify Cenfer of Hanover. Vulnerability
under consideration of the alternative spaces (scenario 2050). (MicHALCzYk
2017)

Legend

Current affectedness Alternative spaces

|:| Medium affectedness - Parks
- High affectedness - cemetery
- Very high affectedness I:l Water bodies

Within walking distance (up to 300 meters) - Garden plot

% Accessibility Dense vegetation
|:| Near-natural surface
- forest

Low-growing and loose vegetation

|:| Loose vegetation

Climate-comfort islands (< 2 ha)

- Climate comfort-islands

All in all, however, there is almost area-wide accessibility of al-
ternative spaces within the city on foot. Only small residential
areas are situated beyond a walking distance.

In comparison to future vulnerability, which results from taking
the alternative spaces into account, it becomes clear that gen-
erally, only a small spatial expansion of the vulnerable areas
takes place. The areas that will be vulnerable in the future are
more likely to be affected by heat (see Figure 3, Figure 4, Fig-
ure 5, Figure 6). This result supports the need for future action.



Four factors can explain the spatial pattern shown in the fol-
lowing Figures 7 and 8: Firstly, the areas are climatically high-
ly contaminated settlement areas (as of 2006), which are also
sensitive to heat due to their demographic composition. This is
the reason why they are affected. This affectedness is the sec-
ond factor. Thirdly, the sensitivity to use (degree of sealing) con-
tributes to the identification of vulnerable areas, which in turn is
reduced by the fourth factor “radiative effects”. The interaction
and possible superposition of all factors result in low, medium
and highly vulnerable settlement areas to heat.

Fig. 7. and 8. Upper figure shows the section Vahrenwald district; Vulne-
rability under consideration of the reduction capacity (current scenario).
Lower figure shows the same vulnerability in the future scenario. (MicHALCzYk
2017)
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Legend

Built-Up Areas Areasfuses with reduction capacity (> 2ha
Degree of sealing (area without reduction Green and open spaces

capacity)
l:l Hardly any sealing (< 25% sealing) - Parks
I:l Low degree of sealing (25-50% - cemetery
sealing)
l:l Average degree of sealing (50-70% I:I Water bodies
sealing)
- High degree of sealing (> 70% - Garden plot
sealing)
Dense vegetation
Current affectedness I:I Near-natural surface
I:I Medium affectedness - Forest
- High affectedness Low-growing and loose vegetation

- Very high affectedness I:I Loose vegetation

Agricultural area

[ Fie
I:I meadow
Radiative effects {up to 100 meters) Climate-comfort islands (< 2 ha)

U] Freshair effect, up to 100 meter - Climate comfort-islands

Currently, vulnerability to heat is most evident in the densely
populated area and on the highly sealed industrial and
commercial sites. Where high degrees of sealing outside the
radiation effects overlap with high levels of contamination, there
is the highest degree of vulnerability. This shows the greatest
need for action to reduce heat exposure.

The comparison (following Figures 9 and 10) shows that the
selected areas will increase only less their level of vulnerability
by 2050. It becomes clear that the spatial extent of the
vulnerabilities will increase and that in 2050 almost the entire
inner city area will be vulnerable to heat.
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Fig. 9. and 10. Left figure shows the Vulnerability under consideration of reduction capacity (CUR-
RENT scenario) and right: Vulnerability under consideration of reduction capacity (scenario 2050)
(MicHaLczvk 2017)

Legend

Built-Up Areas Current affectedness

Degree of sealing (area without reduction l:l IMedium affectedness
capacity)

I:l Hardly any sealing (< 25% sealing) - High affectedness
I:I Low degree of sealing [25-50% sealing) - Very high affectedness

|:| Average degree of sealing (50-70%
sealing)

- High degree of sealing (> 70% sealing)

Where there is currently no overlapping of sensitivities, the
settlement areas are only sensitive to heat due to their use
or the degree of sealing. In the future, a significant increase
of vulnerable settlement areas can be expected. Because of
the increasing demographic ageing, the expected migration
and the associated growth in development, an increase in the
degree of vulnerability is to be expected.

The result is only a small increase in vulnerability over a large
area. This means that the settlement areas that are currently
vulnerable will also be vulnerable to heat in the future. The fu-
ture vulnerable areas will tend to be more affected by heat.

Summary of the
results to vulne-
rabilities
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Guideline for
Urban Deve-
lopment for
Maintaining and
Improving the
Climate Situati-
on in Hanover

Vulnerability in the light of alternative spaces
The result is only a small increase in vulnerability over a large
area. This means that the settlement areas that are currently
vulnerable will also be vulnerable to heat in the future. The fu-
ture vulnerable areas will tend to be more affected by heat.

Vulnerability in the light of mitigation capacity
Currently, vulnerable areas will increase less in the degree
of their vulnerability. Because of the increasing demographic
ageing and the expected migration and the associated increase
in development, an increase in the degree of vulnerability can
be expected. It is also becoming clear that the spatial extent
of the vulnerabilities will increase and that in 2050 almost the
entire inner city area will be vulnerable to heat.

Between 1950 and 2005, the proportion of the population living
in cities increased globally from 29 per cent to 50 per cent. It
can be assumed that this trend will continue so that in 2030, the
urban population could account for around 60 per cent of the
population (Kropp et al. 2009: 243). The city of Hanover is also
expected to grow noticeably, from 524.450 in 2014 to 543.600
inhabitants by 2030 (3,7% growth) (Recion HANNOVER & LANDES-
HAUPTSTADT HANNOVER 2014: 20f). Against this background, Ha-
nover is one of the growing cities with pressure to move to and
settle.

Urban development should be carried out with the aim of main-
tain or even improve the quality of life in the city despite climate
change® (LANDESHAUPTSTADT HANNOVER 2017: 14). This leads to
the underlying idea of inner development, which - if all adaptive
capacities are exhausted - is best suited to ensuring a liveable
environment in the city even under the conditions of climate
change (BranpL et al. 2011: 26). Due to higher energy efficien-
¢y, good connections to public transport and a comprehensive
local supply network, fewer greenhouse gases are released in
the densely populated city than in less densely-populated ci-
ties. Interior space development also offers the advantages of
free space and soil protection. Against this background, there
is the increasing demand for green and open spaces, which si-
gnificantly improve urban climate and take on numerous clima-
te-relevant functions (e. g. reduction of heat islands, pleasant



living environment) (BranpL et al. 2011: 26).The combination
and interlocking of open spaces and built-up areas, which can
reduce the negative effects of climate change, is therefore es-
sential for urban development in the City of Hanover (KniELING &
MuLLer 2015: 19f; ScumipT et al. 2017: 25).

The aim of urban and environmental planning is, therefore, a
sustainable, climate-change-adapted urban development, with
a focus on re-compaction on unused, fallow or misused areas
in the inner city (SchmipT 2017; Lurt 2017). Within this frame-
work, an internal development strategy should be sought which
takes into account the city boundaries, preserves diversity in
urban space and provides sufficient climate-effective green and
open spaces (Lurt 2017; BranoL et al. 2011: 67). When adapt-
ing to climate change, and especially to heat loads, it is some-
times overlooked that the need for action arises not only from
the vulnerability of the urban structure but also from human vul-
nerability (ScHmipT et al. 2017: 25). As a result, future adapta-
tions to climate change should also take into account changes
in society. In addition to planning adjustments that can reduce
the consequences for the population, independent health care
for each citizen is also important.

The two strategies with the concept of “inner development befo-
re outer development® and “compact city“ are to be regarded as
trend-setting for successful climate protection. The adaptation
to climate change, however, is aimed at keeping areas free,
especially in the highly densely populated inner-city areas, and
would therefore instead be associated with the model of the
“relaxed city“. As has already been shown, adaptation is to be
seen as a cross-sectional task for planners, while the success
of adaptation depends on integrative processes. To achieve
this, the formal planning instruments must be exhausted (STeIN-
RUCKE et al. 2010: 214f).

This paper explains that in view of increasing climate change,
determining the vulnerability of urban areas plays a central role
in maintaining a healthy quality of life. Furthermore, this work
has shown that vulnerability analysis is a central starting point
when it comes to identifying vulnerable land uses and struc-
tures to the effects of climate change and making them more
adaptable through planning measures.

Julia Michalczyk

Conclusion
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The analysis has shown that there is almost complete pedest-
rian accessibility to alternative spaces within the urban area.
Only small settlement areas, such as in the city center, the
district Vahrenwald, List or Linden-Mitte are beyond walking
distance and can be considered vulnerable. In comparison to
future vulnerability, only a small spatial expansion of the vulne-
rable areas takes place. The areas, that will be vulnerable in the
future, are more likely to be affected by heat.

Vulnerability, taking into account reduction capacity, is current-
ly most evident in areas where highly sealed surfaces overlap
with a lack of radiative effects and high demographic impact.
These are mostly in the densely populated part of the city Vah-
renwald, List or Oststadt and the City center.

Because of the projected climate change, these problematic
areas are likely to worsen and widen, which is why the identified
areas should be considered primarily for the development and
implementation of measures.

Against this background, climate adaptation measures should
be implemented and applied above all in the highly sealed re-
sidential areas, which show also demographic sensitivities (e.
g. high population densities, a high proportion of older people
and low density of social infrastructure such as hospitals) e.g.
in Mitte, Vahrenwald, Linden-Nord or Linden-Mitte.

In general and also in comparison with other large cities like
Stuttgart, the city of Hanover has relatively only minor climatic
problems due to its spatial location and is characterised by a
quite good urban climate (Lurt 2017; ScHmipt 2017). However,
the results of the vulnerability analysis also make it clear that
the climatic situation will deteriorate by 2050.

Due to the desired re-densification (infill development) and the
associated conflicts with the adaptation measures, solutions
have to be found, allowing for a flexible adjustment. It is therefo-
re essential for the success of climate-relevant actions that they
are communicated and coordinated with the other concerns of
urban development in order to create as many synergies as
possible in planning and implementation. In the future, it will
be increasingly important to test the compatibility of structural
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post-compaction measures particularly. In the event of priority
given to post-compaction in the course of consideration, the
following with the introduction of specific requirements for miti-
gation and compensation.
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Abstract

Over the last 40 years, there has been an increasing amount
of world interest on urban climatic map (UCMap) Studies. Up
to now, there are over 15 countries around the world process-
ing their own Climatic Maps, developing urban climatic guide-
lines and implementing mitigation measures for local planning
practices. Facing the global issue of climate change, it is also
necessary to factor the climatic consolidations holistically and
strategically into the planning process.

In the literature, the latest concepts are mentioned. Key meth-
odologies, selected parameters, structure and making proce-
dures, mitigation countermeasures and climatic recommenda-
tions of urban climatic map studies ware described. More than
30 relevant studies around the world are cited, and both signifi-
cant developments and remaining problems are discussed. The
review noted that the thermal environment and the air ventila-
tion condition within the urban canopy layer play the most im-
portant role in the analytical aspects and climatic-environmen-
tal evaluation. It is also noted that possible mitigation measures
and planned action can include decreasing anthropogenic heat
release, improving air ventilation at pedestrian level, providing
more shaded areas, increasing greenery, creating air paths,
and controlling building construction. Future research should
be focused on the spatial analysis of human thermal comfort
in urban outdoor areas and climate change impacts and ad-
aptation. It is also important to share the learned lessons and
experiences with planners and policymakers in the rapidly ex-
panding cities of the developing countries and regions.
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1. Background

Based on the chronology of UCMap studies in the world, it
could be observed that more than 15 countries have conducted
their own UCMap studies (Ren et al. 2011). Recently, UCMap is
of increasing interest in the world. For example, researchers in
China, Chile, Singapore, Macau, France and the Netherlands
are starting the relevant projects and studies for pursuing good
planning and sustainable development.

Urban climate analyses serve as a suitable means of assessing
possible climate impacts. Their results are compiled in so-called
climate function maps and mapped nationwide. Overheating
areas and areas with ventilation deficits, such as densely pop-
ulated inner cities or commercial / industrial areas with large
parking lots and less vegetation are mapped and located just
as favour and the potential regions - meadows, forests or other
semi-natural areas - which have a positive effect on the urban
climate and mitigating the influence on pollution.

A municipal climate adaptation strategy operates in this context
with the protection of the climate-ecological potentials and with
the rehabilitation of possible deficit areas. This means that e.g.
cold air generation areas and outflows with a high climate ecol-
ogy value are considered particularly worthy of protection. Cli-
mate protection in (city) planning, on the other hand, argues for
reduction of greenhouse gases savings should be developed
to limit the traffic volume or energy expenditure overall. In this
interplay, climate adaptation has a passive, sustaining role. The
two issues of climate protection and climate adaptation thus
appear in the competing competition for the same process of
urban planning. Climate change is to reduce greenhouse gases
while adaptation looks for ventilation and heat. Wherever there
is the possibility to affect the influence of air, these potentials
should be used extensively and as efficiently as possible. Plan-
ning and development tailored to local climatic conditions serve
as a basic prerequisite for well-conceived solutions ranging
from building structures to architectural design (including use
of living space, building insulation standard, ventilation options
within each residential unit, distribution of window openings,
passive solar gains, small wind turbines , Building greenery,
blue-green infrastructure, targeted colour choice and building
technology) are fine-tuned.
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An increasing number of people worldwide live in cities. To ac-
commodate urban growth, it is necessary to intensify density
in many inner cities. One of the consequences is that already
existing urban heat islands (UHI) intensify. Climate change and
the predicted increase in the air temperature add to the prob-
lem. This means that two of the most serious environmental is-
sues of the 215t century, population growth and climate change,
become evident in redensification projects. This case study
deals with designing climate-responsive as well as sustainable
and energy-efficient development. The aim is to combine high
density and high quality.

In order to provide information for the planning institution for
the total urban scale and ultimately generate recommendations
for urban planning and development under the conditions de-
scribed above, the urban climate must be observed and eval-
uated to. To this end, many cities use urban climate maps (Ne
& Ren 2015). They are generated using existing international
standards in environmental meteorology (f.e. ISO). These de-
scribe how urban climate conditions can be cartographically
presented, evaluated and used for planning with the help of
reference maps. Moreover, urban climate studies can help to
increase open space qualities for the improvement of urban live
conditions (LEnzHoLzER 2016).

Urban Climate Map

measurements and cold air evidence
+
cold air simulation

4

generating input data for microclimate simulatio
and general information for the architects

...design stage...

6 different teams (architectures + landscape
architectures) present their designs

4

6 different microclimate simulations
as decision base

Fig. 1. Example of a flow chart of the procedure urban climatic mapping.
for an architectural design competition. Basic line an urban climatic map
(STADT FRANKFURT AM MAIN 2016)
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2. Case Study
Frankfurt

fresh air + cold air
production

fresh air production

3 mixed climates and
transition climate zone

4 potential heat island

5  heat load moderat

6 high heat load

Fig. 2. Urban climatic map of Frankfurt/Main (Stapt FRANKFURT AM MAIN 2016)

The city Frankfurt am Main lies in the centre of Germany in the
protected location of the expering northern Oberrheingraben
and is the largest city in Hessen and the fifth-largest in Germa-
ny. Due to their topographical location on the southern slope
of the Taunus and the rivers Main and Nidda, there are still
many areas in the city that benefit from the nightly cold air run-
off in summer. This outflow is in parts very sensitive and can
be blocked by obstacles such as buildings, noise protection or
dense tree plantings or at least partially limited in quantity or
delayed in time. It is of great importance to maintain the cold
air downhill movements as well as the mesoscale ventilation
along the rivers.

Other settlements are again surrounded by a cold air system
in which several outflows combine locally to form a very pow-
erful outflow stream. In this case too, it is possible to examine
whether the urban use and the concomitant reduction of the
cold airflow about the overall system are acceptable. The num-
ber of possible variables is manageable. The main objective is
basically that the current situation should not be significantly
worsened. If uses with demand for cold air are within the sphere
of influence, structural development should also be avoided.
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However, if the analysis reveals that sufficient cold air can es-
cape in a sensitive development or if the outflow is directed in
one direction without real needs, then this favourable climatic
position can be actively maintained. Structural changes might
be possible.

Based on the information retrieved from a mesoscale urban
climate map (see Figure 2), it was possible to deduce the
conditions for a smaller area of the city. The new development
is attached near cold airflow within a climatop (areas of the
same climatic characteristics) of importance for the surround-
ing areas.

The aim in the case of Frankfurt was to create a new inner-city
settlement in a climate-sensitive way and to make sure climat-
ic conditions in other parts of the city characterized by higher
heat load problems would not deteriorate. Figure 4 shows the
planned settlement area. Darker orange to red areas have high
heat load conditions with weak ventilation. The area is affected
by cold airflow from nearby mountains and can be character-
ized as a cold air production zone. The urban climate map in-
dicates the thermal conditions using the thermal comfort index.
This index called PET is based on the energy balance of a hu-
man body and expresses heat or cold stress. This now must be
separated to see the effect of ventilation.

After identifying the urban climate functions and interactions,
a cold air evaluation was carried out to obtain more detailed
information of the fragmented and sensitive cold air situation.
The simulation model KLAM_21 was applied to calculate cold
airflows in an orographically structured terrain. This is used
in urban and regional planning and facility siting. Quantitative
statements on the cold air height and the volume flow in two
meters above ground in a high spatial resolution were gener-
ated (see Figure 2). At the same time, detailed climatic meas-
urements and cold air evidence (tracer gas method, pictures in
Figure 3) were carried out in two different spots so that the local
conditions could be described quite clearly.
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Fig. 3. Cold air colculoﬁon,' combined with near-surface measurements
and cold air evidence by smoke experiment (KarzscHner & Kupski 2018)

Figure 3 shows the calculations with the KLAM_21 model and
the results of the measurements to ensure these results in the
investigation area. The small black vectors show the cold air
drain direction in a spatial solution of 40 meters as well as the
velocity in three different categories. The large blue arrows rep-
resent the direction of the smoke experiment to visualize the
atmospheric processes and to validate the calculation at the
same time.

The case study was carried out with electronic sensors (Vaisala
Weather Transmitter WXT530) and smoke pipes to visualize
the nocturnal cold air drainage near the investigation area.
After collecting all this information, a short overview of the most
important climatic processes was created and handed over to
the planners in order to provide the knowledge needed to pre-
pare the drafts.

The design stage developed next: At the end, six drafts of the
new settlement were selected and rated. With regards to the
climate criteria, a comparable and transparent calculation of the
microclimate was undertaken.

Based on that, an urban climate consideration was carried out
with architects and climatologists. Some changes were made,
and the reviewed design proposals were simulated. For this
task, each draft was calculated by using the three-dimensional
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microclimate model ENVI-met (pro-version). To predict building
design, a numerical simulation was used to understand the cli-
mate conditions and the interactions between walls and atmos-
phere near the ground.

There was a reduction to two relevant parameters in order
to not make the decisions more complicated than necessary.
These two parameters were the physiological equivalent tem-
perature (PET) value and the wind field two meters above the
ground. The focus was on avoiding weak ventilation and allow-
ing wind to penetrate the city pattern. The jury can now easily
use the climatic information to come to a decision and choose
the winner of the competition (amongst others Figure 4).

The result at this stage was a decision, based on many differ- 3. Results
ent needs, but also influenced by urban climate information to

strengthen the climate-sensitive development of the city. It is

obvious that any changes in land use will modify the microcli-

mate. To develop a more satisfactory situation with regards to

thermal comfort, it is necessary to manipulate, especially the

orientation of buildings, bearing in mind the wind direction and

radiation balance.

Kupski 2019)
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4. Conclusion

Each architectural team received an objective evaluation of
their design based on the microclimate simulation results. It
was generally advised to stick to the albedo recommendations
on colour sets or natural unsealed surfaces. A precise location
of disadvantaged areas and situations with positive effects to
the thermal comfort was prepared. In addition to that, the drafts
should give an impression of the changes the new area will
bring to the urban climate in the surrounding neighbourhoods.
To answer this question, the wind field (wind speed and ve-
locity in two-meter height) was simulated. Looking at a heavy
traffic road which tangent the development area in the west,
e.g. the ventilation is able to reduce the emissions caused by
cars. In other areas, the corridors to maintain the city ventilation
were checked meticulously. Its mesoscale potential is high; we
could, therefore, conclude that one has to prevent the air path
from east to south-west direction. This was then incorporated
into most proposals. The winning project featured large green
areas in the direct neighbourhood which could assist the local
ventilation pathways and compensate some of the heat load.
Another climate criterion was met by reducing the height of the
buildings and planting large trees in order to reduce the heat
load in some of the courtyards.

The next steps are already decided: The revised winning draft
will be recalculated including the previously prepared climatic
information to optimize the simulation base. This calculation
can show in much more detail the effects of the new develop-
ment and is as close to reality as possible.

If cities worldwide want to be well prepared for and resilient to
climate change and its effects like the rise of air temperature,
the increase of heavy precipitation events, the rise of the sea
level etc. they need information in the form of the current anal-
ysis data to calculate their individual risk level today. After that,
each planning or land-use change must be crosschecked to
show the local effect so that an adaptation strategy to future
requirements can be developed. Planning needs to be aware of
urban climate issues. Amelioration can only work if planning is
based on a smart platform.
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The procedure shows an effective way of proceeding in the pro-
cess of densification. Urban climate information is needed be-
forehand, followed by the architecture design proposal, which
is again crosschecked with microclimate modelling. This way,
redensification in cities can be organized, providing the high-
est possible thermal comfort. It is also by the current German
guidelines VDI 3787 Part 1 and 3787 Part 8 with the title: ur-
ban planning and climate change (VEREIN DEUTSCHER INGENIEURE
2015; VEREIN DEUTSCHER INGENIEURE 2017).

This best practice framework should be part of each large
inner-city development. The advantage is the objective and
transparent approach. So, it is very important to accompany
the process with experts from the beginning. Many elementary
requirements must be respected in the early process steps like
main corridors and building structure. Other issues like local
thermal hot-spots or wind discomfort can be solved later.

It is also very important to convince the planners, politicians
and decision-makers as well as the population to support the
process. They will be rewarded with a liveable city.

Bibliography

KATZSCHNER, L. & Kupski, S., 2018: Urban climate evaluation for an architectural design competi-
tion. Hong Kong: PLEA Conference Papers.

LENZHOLZER, S., 2016: Weather in the city: How Design Shapes the Urban Climate. Hungarian
Geographical Bulletin 65 (2), Rotterdam: nai010 publishers.

Ng, E. & Ren, C., 2015: The urban climatic map: a methodology for sustainable urban planning.
London: Routledge.

REN, C., Ng, E. & KATzSCHNER, L., 2011: Urban climatic map studies: a review. International Jour-
nal of Climatology, 31 (5), 2213-2233, DOI: 10.1002/joc.2237.

STaDT FRANKFURT AM Main 2016: Klimaplanatlas, Klimafunktionskarte. https://www.frank-
furt.de/sixcms/media.php/738/Klimaplanatlas_Klimafunktionskarte_ FFM_2016.pdf,
last accessed: 09.10.2019.

STEWART, D. & Ok, T. R., 2012: Local climate zones for urban temperature studies. Bulletin of
the American Meteorological Society 93 (12), DOI:10.1175/BAMS-D-11-00019.1.

VEeREIN DeuTscHER INGENIEURE (VDI), 2015: VDI-Guideline 3787, Part 1: Environmental Meteorol-
ogy — Climate and Air Pollution Maps for Cities and Regions. Berlin: VDI, Beuth Verlag.

VEREIN DeEuTsCHER INGENIEURE (VDI), 2017: VDI-Guideline 3787, Part 8: Urban Planning and Cli-
mate Change. Berlin: VDI, Beuth Verlag.

65






4. Governance of Flooding
Risks in the Region and the
City of Hanover

Frank Scholles

Institute of Environmental Planning
Leibniz University Hannover
https://doi.org/10.15488/6751

Abstract

The article deals with flood protection and flood prevention as
a contribution to a more resilient city region in general and in
Hanover. Flood protection of Hanover’s city centre has been
dealt with since the 15" century. Today, floods are prevented by
land-use and sectoral planning of the city region and the mu-
nicipality. The regional plan has designed binding priority and
reserve zones for flood prevention on the basis of flooding are-
as identified by the water management administration. Urban
planning has set up an informal local action programme, but a
basic update of formal plans, especially the preparatory land-
use plan, is missing.
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The city of Hanover has been built on the so-called high banks
of the river Leine. Later on, lower areas and especially the flood-
plain have been used for urban development including housing
and administration. This means that the city of Hanover, right
from its origin, had to learn how to cope with flooding.

There have always been flooding events in history, as the Leine
may seasonally carry an enormous run-off due to melting of
snow or heavy rain in its catchment area, especially in the Harz
mountain.

Therefore, there has been already the idea in the 15th century
to protect the city centre against flooding by deviating the Leine
in the south of the city and by using the brook Ihme for the bulk
of the run-off arriving from the South. Thus, the canal Schneller
Graben has been constructed in the Leine and /hme floodplain
south of Hanover and the /hme has been broadened to bypass
up to 90% of the overall run-off. The project has been built in the
17th century and renewed in the 18th century. The city centre,
as well as the Siidstadt neighbourhoods, could be protected
by this first flood protection activity, however at the expense
of more flooding events for Calenberger Neustadt and Linden,
the latter being an independent city until the 1920s. In 1922, a
hydroelectric power plant was added to the weir, thus utilising
the 3.60 m difference in altitude between Leine and Ihme. The
plant is still in operation (RoHreeiN 2009; LHH 2019a).

Besides that protection activity, dykes, dams, and walls have
been built after the hazardous floods in 1808, 1909 and 1946.
During the most hazardous flood in February 1946, 1666 hec-
tares of land have been flooded up to 3 m high. This happened
only some months after the end of the Second World War. Only
three persons died, but there was enormous damage in the city
that was still suffering from having been heavily bombed. Es-
pecially the municipal archives were flooded and lost a larger
number of valuable documents (LHH 2019a).

“Resilience determines the persistence of relationships within
a system and is a measure of the ability of these systems to
absorb changes of state variables, driving variables, and pa-
rameters, and still persist.” (HoLLIng 1973: 17)



What does that mean for a city region? “Urban resilience re-
fers to the ability of an urban system — and all it is constituent
socio-ecological and socio-technical networks across tempo-
ral and spatial scales — to maintain or rapidly return to desired
functions in the face of a disturbance, to adapt to change, and
to quickly transform systems that limit current or future adaptive
capacity.” (Meerow et al. 2016: 39, 45)

What does this mean for resilience regarding flooding? On the
one hand, societies have understood that the traditional water
management strategy to get rid as quickly as possible of storm-
water and to protect the land against flooding is not feasible
any longer because it is expensive and leaves the problem to
the downstream municipality, thus creating the need for ev-
er-increasing expenses for protection measures. On the other
hand, central European urban planning must react to the fact
that heavy rain events will increase while the amount of rainfall
per year will not change (KutTLER et al. 2017). Today’s strate-
gy is (1) to retain and if possible drain or evaporate/transpire
as much rainwater as possible within the built-up areas (by
e.g. green roofs, green open spaces, protecting or reclaiming
floodplains), (2) to identify optional areas that may take over or
substitute functions at risk in other areas, (3) to identify areas
that may be flooded in a controlled way if necessary and (4)
include protection of key areas. Resilient cities are, on the one
hand, robust against and on the other adaptive to hazards from
flooding (Jakueowski et al. 2019). Disturbance or even damage
is accepted to the degree that does not compromise desired
functions in the long run, thus preventing these functions from
disappearing due to hazards from flooding. The disturbance is
a part of development rather than an obstacle to it (FoLke 2006:
258). “A management approach based on resilience [...] would
emphasize the need to keep options open, the need to view
events in a regional rather than a local context, and the need to
emphasize heterogeneity.” (HoLLing 1973: 21)

There are three types of hazards from flooding resilient cities
should be able to cope with. These include firstly flooding from
running waters, secondly flash floods from heavy rain (that are
likely to increase due to climate change, s.a.), and thirdly storm
floods from the sea. The first two must be dealt with in Hanover,
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nover Regional
Plan'
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whereas the third is irrelevant as Hanover is not (yet) located
at the coastline.

Good governance for resilience, therefore, takes place, es-
pecially on the regional level. It focuses on spatial planning,
whose task it is to identify optional development opportunities
(supported by strategic environmental assessment), negotiate
land-uses and moderate processes.

In 2001, the Hanover Region was legally founded as a unique
new administrative body for better governance by integrating
the Hanover County with the Greater Hanover Association
(competent for regional planning, economic development and
public transport) and competencies from the Capital City of
Hanover and the federal state of Lower Saxony. The capital city
is now one among the 21 municipalities within the region (FroH-
NER & PRrieBs 2001). Multilevel governance has been reduced.
Thus, all competencies in the regional level are now gathered in
one administration, which is responsible e.g. for regional plan-
ning, water management, climate protection and adaptation,
regional landscape planning. Since a couple of years, a central
team for the coordination of climate protection (Klimaschutzleit-
stelle) that reports directly to the head of a department exists
within the Department of Environment, Planning and Building.
They are responsible for coordinating all-climate protection and
adaptation activities within the region, while the original com-
petence for e.g. flooding has remained with the sectoral team
within the service environment. Besides, the region founded the
Regional Climate Protection Bureau also in 2001, a public en-
terprise that informs and consults the population, house owners
and small and medium-sized enterprises and shows up paths
to subsidise appropriate actions.

Spatial planning is an integrative and independent task and
thus must help implement flood prevention. This is a principle
according to the Spatial Planning Act (ROG) since 1989 and
also laid down in the Water Management Act (WHG).

Spatial planning and water management must cooperate to
guarantee flood management. This includes protection and
reclamation of natural flooding areas, prevention in potential-
ly flood-prone areas and retention of water within the land of



the entire river catchment area. Flood prevention by spatial
planning especially includes protecting and reclaiming land for
floodplains, retention areas and other discharge areas.

Regional plans must designate the intended open space struc-
ture, which includes open spaces for flood prevention. There-
fore, regional planning in Germany designates priority and re-
serve zones for flood prevention.

To implement flood prevention in the Hanover Region, natural
flooding areas (HQ 100) are identified and protected by sectoral
planning of the lower water authority of the Hanover Region
and by the Lower Saxon agency for water affairs, coast pro-
tection and nature conservation (NLWKN). The regional plan-
ners have then designated the already decreed flooding areas,
in which a flooding event is expected statistically once in 100
years (HQ 100), as “priority zones flood prevention”. Spatially
significant proposals and actions within these areas can only
be permitted, if they are in line with water retention, especially if
flooding retention is not compromised, alternative sites outside
flooding areas are not available and the interests of upstream
and downstream municipalities are complied with.

The designation as a “priority zone flood prevention” shall pro-
tect decreed flooding areas against conflicting proposals and
land-uses, especially against further land consumption by de-
velopment. These open spaces shall be kept free of housing
and sealing because natural running waters and their flood-
plains in these areas have a high capacity to store. stormwater
To prevent damage, new building zones in these areas must
not be permitted. The lower water authority (not the municipali-
ty) may decide upon exemptions.

The boundaries of these priority zones are aligned at those
of the already decreed flooding areas that can be affected by
a flooding event likely to occur once in 100 years (HQ 100)
according to federal and state water management law. The
boundaries are generalised because of the different scales of
sectoral and spatial planning (1:5,000 vs 1:50,000). More exact
sectoral planning data must be, therefore, considered in all per-
mits for spatially significant proposals and actions.

Frank Scholles
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Recent flooding events in Germany show that changes in
frequency and intensity must be expected as planning risks.
To completely avoid flooding has proven to be both insecure
and expensive and is thus neither effective nor sustainable
(GRUNEWALD & ScHanze 2011: 31). Therefore, the EU Floods Di-
rective has been transposed into national law in the Water Man-
agement Act such that risk areas are identified and mapped
in flood hazard maps. These classify risk areas according to
flooding events with high, intermediate or low probability and
the vulnerability of the land-use.

Decreed flooding areas shall guarantee stormwater run-off
without damage and protect the required retention areas for an
intermediate flooding event. In case of extreme flooding events
(flash floods), areas beyond this may be flooded. For an ef-
fective flood risk management and climate change adaptation,
areas that can be flooded at lower risk shall be designated as
“reserve zones flood prevention” to prevent risks from poten-
tially occurring extreme flooding events. This is a designation to
protect the public welfare and, therefore, it has a higher weight
in decision-making in case of conflicting land-use. The bound-
aries of the “reserve zones flood prevention” are aligned at the
flooding event likely to occur once in 200 years (HQ 200). This
is again for sectoral water management, since the latter may
only designate binding protection areas in case of HQ 100 (cf.
ScHanze & GRelviNGg 2011: 95).

Figure 1 shows maps of HQ 100 and 200 in the southern Leine
floodplain. The map in figure 2 shows the priority and reserve
zones for flood prevention in the regional plan (RecioNn Han-
Nover 2016). The provision of objectives and intentions under
the heading open spaces, water management, in the text state-
ment includes (Reclon HANNOVER 2016, ch. 3.2.4"):

* 06 Stormwater sewers shall be separated from foul water
sewers. Rainwater shall be drained with priority if groundwater
protection does not contradict. [intention]

* 07 Flood prevention actions shall be foreseen to prevent
flooding damage. A natural development of surface waters
and floodplains shall be pursued. Retention shall be improved
by targeted action like backward relocation of dykes, disman-

1 Translation by the author



tling of river training or construction of retention areas. Recla-
mation of natural retention areas shall have priority over the
construction of retention areas. Land-use planning shall es-
pecially consider keeping free of retention areas that can be
reclaimed. [intention]

» 08 Decreed flooding areas must be kept and protected with
their function as natural retention areas. “Priority zones flood
protection” are designated in the map statement to guarantee
flood prevention. Within these areas, all spatially significant
proposals and actions must be compatible with the purpose of
flood prevention. [objective]

* 09 To prevent risks, areas less probably to be flooded (at a
statistical interval of 200 years) are designated in the map
statement as “reserve zone”. [intention]

=10

g

uding local action (left) and H 200 (right) {LHH 2018)
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This means that priority zones constitute planning objectives
that must be complied with in sectoral and local land-use plan-
ning, whereas reserve zones are planning intentions that must
be taken into account only. But water management authorities
may invest in preventive action in these areas, whereas spatial
planners may support and moderate the process (cf. ScHanze &
GREIVING 2011: 95).

The implementation of spatial planning objectives and in-
tentions into action is the task of municipalities and sectoral
planning. Therefore, it would be logical for the Capital City of
Hanover to set up a new preparatory land-use plan or basi-
cally update the existing one. However, this happened in 1975
for the last time and since then there have only been a large
number of amendments to the plan regarding small areas. The
stock taking data and the predictions on which the plan is based
are completely outdated.



The Capital City of Hanover has set up a number of informal
development strategies instead, among which there is a Local
Action Programme 2017 on flood prevention, adopted in 2006.
The programme focuses on three fields of action, which mean-
while have been implemented (LHH 2019b):

1. Excavation of the Ihme floodplain between Spinnereistral3e
and Lavesallee to enlarge the water profile and retain run-
off. There has been a landscape architecture competition to
find a flood-resistant multifunctional design and to use flood
resilient tree and shrub species. The population first protest-
ed against cutting of a large number of trees, but has now
accepted the area and is happily using it for daily recreation.

2. Widening of the Benno Ohnesorg Bridge to eliminate an ex-
isting bottleneck. The old bridge had not been wide enough
to let HQ 200 pass completely. Additionally, there had been
an accommodation berth for a passenger ship next to the
bridge that might have led to the ship blocking the water pas-
sage in case of a flood. The berth has been dislocated and
the bride replaced by a larger one that is also capable of
accommodatin a barrier-free tram stop.

3. Closing of a gap in the dyke in Ricklingen to protect the
neighbourhood.

The city has created a central coordination unit for flooding pro-
tection in 2015. Their tasks include the analysis of recent flood-
ing events, the analysis of weaknesses, the optimisation of the
system of flooding protection, and the information of the pop-
ulation. Other competent local authorities that are cooperating
with the coordination unit include: the fire brigade, the service
civil and underground engineering, the urban service drainage,
the service environment and urban green, and the service ur-
ban development and planning (LHH 2019c). The city has also
set up an adaptation strategy to climate change (LHH 2017, cf.
SchmipT in this book). This strategy includes eight fields of ac-
tion, three of which are relevant here, including flood protection,
rainwater management and handling of heavy rain events, and
roof greening.
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6. Conclusion
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Abstract

Urban areas increasingly have to deal with systemic transitions
in response to climate change, such as adaptation for extreme
precipitation and heat, which require interventions to mitigate
and adapt. In the case of Athens, since 2010, these challenges
have been dealt with in a context of urban crisis and austeri-
ty governance, which exacerbated available resources for the
management of public spaces and green areas. In response
to these challenges, the municipal administration of Athens
of 2010-2018 has engaged in innovative urban initiatives and
formulated strategies for promoting urban resilience (City oF
ATHeENs 2017; City oF ATHENs 2018). A key component of these
initiatives was creating synergies with social stakeholders and
promoting participation and collaborative action. The Program
for the Regeneration and Activation of Lycabettus Hill initiated
by the Municipality in 2018 assumes all the above character-
istics since it involved the collaboration of two universities, the
Municipality as well as numerous local and international experts
and engaged more than 200 stakeholders with support from the
100Resilient Cities network that Athens forms part of. The pro-
gram focused on issues of adaptation to climate change, mo-
bility, sustainable environmental management and ecological
design for Athens’ major touristic landmark and urban forest.
The text presents the rationale of the strategy developed by the
National Technical University of Athens.
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Setting the pro-
blematic of res-
ilience planning

in the case of
Lycabettus Hill

The hills of Athens form an integral part of the identity of the ur-
ban landscape. Lycabettus, as the largest and most central hill,
is the rival of the Acropolis, an emblematic touristic landmark
and vital urban forest at the heart of the city. Over the last 15
years, the hill has been facing complex problems such as deal-
ing with soil erosion due to increased intensity of precipitation,
the decay of infrastructure and general abandonment. The call
for a comprehensive strategy to revitalize and activate such an
important urban resource is a unique opportunity for visionary
and strategic planning. Rarely do we have the opportunity to
touch upon the ‘sacred’ objects of the city that played a consti-
tutional role in the formation of its particular identity. And such
a venture inevitably involves dealing with important legacies,
such as the city’s history, collective memory and environmental
capital, especially at a time of systemic transitions.

&, ™

Fig. 1. View over Athens from the top of Lycabettus Hill (Churchof Saint
George) (own photo)

The public policy applied so far in Lycabettus has used almost
exclusively the instrument of regulatory planning. The hill is
thus covered by a framework of legal protection that prohibits
virtually any action or intervention with potentially negative con-
tent. As designated green space in the statutory city plan, Lyca-
bettus is also protected by forestry legislation that significantly
restricts any alteration of the balance between hardscapes and



softscapes in great detail that extends to the use of materials.
The same protection status also applies for the built structures,
the most celebrated example being the open-air theatre that is
a listed monument of recent architectural heritage with the Min-
istry of Culture. There is no doubt that the hill needs to be pro-
tected. However, trying to fix things as they are and preventing
change is not sufficient to promote resilience. Firstly, an eco-
system that is in constant metabolism needs constant correc-
tive interventions to keep it in balance. This applies both to nat-
ural processes, such as renewal of vegetation and dealing with
the effects of soil erosion, as well as to anthropogenic related
to maintenance of infrastructure, ensuring safety and providing
services to visitors. Secondly, such an emblematic landmark
in a touristic city like Athens demands innovative thinking. The
renegotiation of a city’s relationship with its past and future and
the consequent redefinition of its identity happens at specific
moments in its history as a result of a combination of specific
political conditions and circumstances. Such a process cannot
be designed and implemented within the narrow constraints of
the regulatory framework. It is, in fact, a ‘violent’ change that
puts things on a new trajectory that, once installed, becomes
the new normality.

The image of well-known European cities that no one would
dare to alter today has, in fact, resulted from successive such
structural changes in the urban landscape that took place in
different historical periods in response to specific demands as
they arose at the time. Interventions such as the construction
of the Girtel Ring in Vienna, or the embankment of the Seine
in 19th-century Paris, embody the element of visionary think-
ing and violent redefinition of the state of things in response to
a new ideal (CHoar 1969). This brought obviously irrevocable
changes in the identity of the city. The experience of the practice
of landscape architecture in countries where this is well-estab-
lished, such as Spain, teaches us that landscape is not some-
thing “sacred” that we do not touch, but it is an essential object
of design, often with the aim of restoring the past damages with
today’s better understanding of ecological processes and the
value of cultural landscapes (GouLa et al. 2012). Lycabettus is,
after all, a typical example of a ‘man-made’ landscape.
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Taking a brief look at the past, one can distinguish three char-
acteristic episodes of strategic visioning and change, where
the identity of Lycabettus and its relationship with the city have
been redefined. The first is the period of Neoclassical Athens
until early 20th century, in which Lycabettus was transformed
from a pasture and a quarry used for the growing needs of con-
struction into an urban forest (an “airy healing clinic” to use the
words of Bavarian architect Ernest Ziller) and beloved prome-
nade destination for the emerging bourgeois population seeking
to escape the dusty streets of Athens (Karbamitsi-Apami 2006).
The experience of the newly created urban forest was enjoyed
mainly by the privileged residents of the city center and distin-
guished guests who accessed the hill by foot. The designation
of the hill as green area whose ownership was taken over by
the Municipality was anything but smooth with intense clashes
with a multitude of private interests, such as the shepherds who
wished to continue using the hill as grazing land, the owners of
the quarry and the landowners in the periphery of the hill who
wished to construct parts of it.

The second episode when the identity of Lycabettus is being re-
defined takes place in the post-War period with modernism, the
cosmopolitan atmosphere of 1960s Athens and the promotion
of tourism through the newly founded National Tourism Organi-
zation and the Athens Festival (Aisopos 2015). During this peri-
od, Lycabettus is transformed from a promenade destination of
the bourgeoisie to a recognizable landmark of metropolitan im-
portance. The changes on the hill are fueled by the enthusiasm
and perseverance of charismatic public figures like actor Anna
Synodinou and architect Takis Zenetos. This is the period that
leaves a legacy to the hill its tourist infrastructure, namely the
underground funicular that leads to the belvedere restaurant of
St. George, the open-air theatre and the large outdoor parking
that was created at the site of the former quarry, a symbol of
the dominance of the private car, typical for the period. The first
tourists arrive at Lycabettus to enjoy the view and the evening
performances in the theatre begin, attracting a large number of
visitors.



Fig. 2. View of the creat orest of Lycabettus and the open-air theatre
at the site of the former quarry (own photo)

The third episode refers to the present period with the explosion
of tourist arrivals marking the exit from the crisis, the widespread
of Airbnb rentals (BaLavranipis et al. 2019) and the establish-
ment of Athens as a year-round city-break destination that will
be further enhanced by cruise boat tourism in the near future
with the prospect of Piraeus becoming a home port. During this
period, Athens’ tourism product is being redefined through the
various technological applications that promote personalized
city discovery experiences, such as ‘cultural walks’, in ways that
blur more than ever the boundaries between the experience of
visitors and everyday life of regular residents (URRY & LARSEN
2011). These challenges are addressed in the frame of urban
resilience, understood as a way of responding to increased nat-
ural threats and socio-economic pressures under conditions of
limited available resources which call for mobilization of collab-
orative processes.

The research program undertaken by the National Technical
University of Athens (2018) attempts to set up a strategic frame-
work for short-term interventions as well as long-term planning
goals embarking upon current conditions. The purpose is not
so much to invent new elements, nor the holistic redesign of
the hill on the basis of a ‘masterplan’, but rather highlighting
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1. Evaluating
the importance
of the hill for the

city of Ath-

ens (land use,
accessibility
and integration

in the urban
context)

Lycabettus’ essential features that have ‘lost their edge’ and
repositioning them in the contemporary urban context through
existing or newly created linkages. The proposed strategy is
organized in 29 thematic fields that are presented in a series of
diagrams. This text summarizes the main points in three sec-
tions. The first reexamine the relationship of the hill with the
city of Athens and enhances the transitions from the city to the
hill. The second explores the internal properties and potentials
of the hill as revealed by site analysis by use of various tech-
niques and mappings. The third engages in constructing a new
narrative for Lycabettus in response to present conditions and
challenges.

The starting point of any attempt to formulate a strategic vision
for Lycabettus embarks upon understanding its importance for
the city of Athens. Lycabettus is what it is, primarily due to its
location and its organic integration to the life of central Athens,
which is structured through multi-layered physical, functional
and mental connections.

The topographic feature of Lycabettus, due to its significant
height and size, has played a decisive role in the urban struc-
ture of central Athens, both in terms of defining the urban grid
and in influencing the socioeconomic character of the surround-
ing neighbourhoods. Hence, the presence of the hill has deter-
mined the layout of central arteries which also form the back-
bone of the public transport network. The regulation of traffic
obviously affects the structure of land use due to the important
metropolitan functions that are located along the main axes.
These are not evenly distributed around the hill but rather are
concentrated south-west along the Vassilisis Sofias and Pane-
pistimiou avenues with Syntagma being the epicenter. From
this point of view, it can be said that the hill is characterized by
a “front” side that includes Kolonaki and Syntagma and a “rear”
side which is formed by the neighbourhoods towards Alexan-
dras Avenue.

Looking at the land use structure at a macro level, it is noted
that the urban fabric around the hill presents a tripartite struc-
ture associated with the terrain. The flat parts along the big
arteries, where most of the important city-level functions are



located, have the character of Central Business District As we
move towards the direction of the hill, where the slope of the
terrain increases, the typology of mixed-use, typical for Greek
condominiums (polykatoikia), takes over with commercial uses
in the ground floor, offices in the lower floors and housing in the
upper floors. Finally, as we approach towards the hill perimeter,
where the terrain becomes steeper, commercial uses are grad-
ually diminishing and the character becomes purely residential.
The zones in direct proximity to the hill, which have an excel-
lent view, are typically occupied by higher income groups par-
ticularly towards the districts of Kolonaki. This spatial structure
defines in general lines as well the differentiation of the social
character of the neighbourhoods that surround the hill.

6 5 4 3 2 1 0

Fig. 3. Lycabettus connection to major urban landmarks and metro
system (NTUA 2018)

A primary concern of the revitalization and activation strategy is
identifying and reinforcing the hill’s linkages to the surrounding
urban context. This is attempted at two levels. At the macro
level are identified the linkages of Lycabettus to key landmarks
of Athens city center. At the micro-level, the interweavement
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of Lycabettus with the daily practices of the local population is
enhanced by increasing the interface between the hill and adja-
cent residential zones. At the perimeter of Lycabettus, there are
twenty-one entrance points linked to the network of paths. Two
of them serve the vehicular traffic, one is the existing funicular
and the remaining eighteen are reserved for pedestrians. The
proposals for improving connectivity focused on changing the
character of the existing perimeter belt into a one-way road,
thus freeing space for creating a walking and cycling corridor.
The aim of the interventions is for the ring road to cease being a
hard boundary, and becoming a promenade for the daily needs
of locals, workers and visitors offering easy access to the hill at
selected points (urban thresholds) (see Figure 4).
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Fig. 4. Lycabettus entrances and pedestrian accessibility (NTUA 2018)

Besides local connectivity, the improvement of supra-local ac-
cessibility is also an important priority especially with regard to
aspects of sustainability and resilience, as it is a determining
factor for the type of activities that can be developed on the hill
(from hiking to concerts), the potential users (locals or tourists)
but also their expected numbers (from few visitors to large
groups). It is also directly related to the question of redefining
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Fig. 5. Proposed interventions along the ring road of Lycabettus (NTUA
2018)

the identity of the hill, given that accessibility is not just an op-
erative means but an essential part of the overall visitor ex-
perience. Upon reconceiving the way of approaching the hill,
the main goal is to promote multimodal accessibility given that
Lycabettus does not have a single destination point, where vis-
itors are heading to, but three. These points are accessible in
different ways from different areas. The funicular, for example,
serves well the peak of St. George from Kolonaki, but it is not
convenient for accessing the theatre even less if one is coming
from the metro network. In addition, the prospect of the open-air
theatre becoming again operational after many years of aban-
donment creates new travel needs which affect the image and
the function of the site in a variety of ways.

In the first phase of the research, the conditions of accessibility
by means of public transport have been analyzed. Following
from there, alternative scenarios were explored, taking into
account functional parameters related to changes in vehicular
circulation as well as qualitative ones related to the visitor ex-
perience. Specifically, two innovative design interventions have
been proposed with regards to adaptation to climate change.
The first one involves unsealing the asphalted surfaces of the
parking at the top and converting the internal asphalted route
into a pedestrian promenade, organically integrated with the
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2. Revedling
territorial
potentialities
(topography,
views, linkages,
suitabilities)

natural landscape. The second proposal introduces a new ca-
ble car connection that would provide access to the open-air
theatre directly from the metro system (station Evangelismos),
thus providing an eco-friendly alternative to car travel.

gelismos metro station (NTUA 2018)

An important parameter for the activation of Lycabettus is its ca-
pacity to host a variety of uses and activities. In the first phase
of the research, investigations were carried out by means of
field survey and web research that revealed through mappings
the existence of a wide range of uses, as well as unexploited
potential still. Activities fall in two categories, those that exhib-
it stable and organized operation linked to existing hard infra-
structures and those that are spread across the hill for which no
special infrastructure is required. The first category is concen-
trated mainly in the southwestern part of the hill, particularly at
the peak of the church of Saint George and the open-air theatre
where the highest number of tourists is noted.

The second category is scattered uses, spatially and tempo-
rally, with varying frequency and periodicity. The most widely
spread activities, which refer almost exclusively to the residents
of neighbouring areas, are jogging and walking (with or without
pets). At the same time many other formal and informal activi-
ties are recorded, such as gymnastics, cycling, skateboard and
roller-skating, amateur modelling, demonstration of motor skills
(cars, motorcycles), picnic, parties and many more.



Fig. 7.Lycabettus User Zone Analysis (NTUA 2018)

On the hill take place also seasonal activities, such as annual
ceremonies for national holidays and religious functions, sport-
ing events (running, biking), but also unique events, such as
outdoor artistic performances and caving. In the second phase
of the research, a more systematic investigation of the spatial
and temporal pattern of activities was carried out which re-
vealed the way that the hill is used during different parts of the
day and by whom. The main findings are summarized below:

— Some age and social groups are excluded (namely children
and the elderly population as well as persons with mobility
constraints).

— The two main user profiles (local residents and tourists) coex-
ist in harmony and without conflicts.

— Most uses are low intensity referring to individuals or small
groups. There is no infrastructure for large groups, such as
concerts and events.

— Most uses present a spatial pattern of low complexity associ-
ated with single points.

— Most activities are related to recreation and nature-loving.

— The most frequent and widespread activities are: enjoyment
of the view, running, walking pets, hiking, dining and organ-
ized tourist sightseeing.
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— The hill is used almost exclusively during the day.

—The main parameter constraining the spatial distribution of
activities is the topography.

— The element that affects most activities directly or indirectly
are the panoramic views.

Along with the mapping of activities, analyses of the hill mor-
phology were carried out in order to identify the qualities that
the topography itself provides. The results were used to explore
emerging forms of spatial organization with the aim to tackle un-
exploited territorial potential. The following types of mappings
were carried out:

Slope analysis through algorithmic calculations has led to the
identification of areas that are suitable for different types of ac-
tivities.

Views analysis through isovists has made it possible to ex-
amine the hill as an active field of views, both externally and
internally, and to classify the different views according to their
formal characteristics.

Path analysis through space syntax revealed the level of inte-
gration and interconnection of the hill with the urban fabric en-
abling the forecasting of expected visitor traffic and recognition
of spots that could be programmatically enhanced.
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Fig. 8. Lycabettus slope and visibility analysis (NTUA 2018)

The findings of spatial and visibility analysis were used to for-
mulate the proposal of spatial organization, which is structured
upon a network of main routes (trails) and poles of activity. The
network of main trails aims to improve the visitor experience
and orientation as well as safety. The activity areas enable
the reprogramming of space and organization of services and
amenities with the aim to make their operation more sustain-
able. Three main service areas are planned linked with the
presence of existing infrastructures, namely the restaurant and
viewing platform at the peak of St. George, the new recreational
pole of the theatre combined with a large belvedere park at the
site of the former parking (so-called Athens Plaza) and a third
linear zone situated on a natural balcony above the historical
square of Dexameni which comprises the popular church of Ag.
Isidoroi, the ex-military shelter proposed to be converted into
an art venue and the reconstructed café of the Green Tent. Be-
sides the main poles, a system of secondary ones referring to
spontaneous and organized activities are organized as points
(nodes), pocket activity areas (platforms) and larger zones (ac-
tivity areas).
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3. Constructing
a new narrative
about Lyca-
bettus Hill: The
Athens Eye '

This section is based on
the chapter ,The Athens
Eye: Reflection on the
myth of Lycabettus” written
by Myrto Kiourti (NTUA
2018)
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Fig. 9. Lycabettus proposed network of main promenades and poles of
activity (NTUA 2018)

According to the Common Modern Greek Dictionary, visioning
means “creating an idealized goal upon which hopes are
focused or actions are pursued”. Throughout the long duration
of History (BraupeL 1969), the rhetoric about visioning remains
intense. From the pre-modernist visionaries, which the literature
today re-examines as early social reformers in the sense of the
Renaissance ideal, to the great Utopias of the Enlightenment,
the pioneers of Modernism and the post-Modernist critiques
and narratives, we reach the contemporary significations of the
term. In the present conditions of sudden intercultural proximity,
the discourse about cities and their visions articulates around
the concept of identity. Realizing the term in the post-industrial
environment of international trade, we can talk about branding.
At the same time, the discussion focuses on the so-called
iconic architecture, that is, the ability of architectural and urban
design to produce not only narratives but also intelligible and
understandable forms by all representations. In this context,



the search for a new vision for Lycabettus is not only timely but
imperative, and its construction presupposes an appropriate
narrative and then its smart representation.

With this in mind, we compiled a narrative that could help to
create a new vision for the hill. As is well known, one of the
few planning regulations Greeks collectively complied with is
the prohibition on building higher than the Acropolis. While
the Acropolis rises about 70 meters above the city level, the
height of Lycabettus is 110m. It is therefore fair to assume that
as long as the international community conceives the Acropolis
as the supreme icon of the values of Western civilization,
namely Humanity and Democracy, Athens will never get in its
centre any skyscrapers higher than Lycabettus. In this sense,
Lycabettus can be conceived as the natural Alter Ego of the
Eiffel Tower, the Empire State Building or the London Eye. Just
as every big metropolis holds its own iconic buildings that offer
spectacular views from up high, so does Athens, only here this
takes the form of a hill.

The narrative that intends to re-introduce Lycabettus to
the international community as the natural analogue of a
skyscraper contains elements of visioning, since, as will be
shown below, such an ideology responds in a visionary way
to three fundamental problematics about the city, namely the
negotiation of the city’s relationship with history, politics and
nature.

The first refers to the genesis of Lycabettus, which according
to the ancient Greek legend resulted from Athena’s love affair
with Hephaestus. Reconceiving Lycabettus as a construction
of the goddess of wisdom in the context of her unorthodox and
conflicting love affair with the deformed god of technology is
coordinated with modern anthropological and psychoanalytical
interpretations of the ancient Greek world regarding the symbols
of the technique, the intellect and creation and the role that Man
regards them. At the same time, such a narrative proposes
to a wider audience, a graceful yet subconsciously relieving
resolution of one of the most powerful latent phobias that
intensify in modern societies, namely the anxiety and ambiguity
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towards a dynamic, yet uncontrolled technology. Lycabettus’
narrative offers thus a comforting version of the future: wisdom
and technology together can regenerate the City of Humanity.
The debate over the intertwining of a city’s identity with so-
called iconic buildings has a strong political tone today. In the
quest for various cities to gain a place on the global map of
tourism and cultural industry by buying buildings with high
cultural value, such as Bilbao with Gehry’s Guggenheim, Dubai
with Burj Khalifa of Skidmore, Owings & Merrill or Beijing with
the stadium of Herzog and De Meuron, criticism today focuses
not so much on the form but also on the ownership status (Kaika
2010). In the case of Lycabettus, it can be argued that the hill-
skyscraper, both as a reality and as an ideology, does not
belong to a giant corporation or a tycoon but to the municipality
(demos), that is, to all.

At the same time, Lycabettus, as an oversized collective
property, highlights a politically interesting interpretation of
the constitution of Athenian Urbanism! (Paconis 2018). The
base of the hill is in fact colonized by buildings, the typical
self-financed model of Greek polykatoikia (antiparochi). This
idiosyncratic urban development condition that is based on the
dispersal of land rent and subsequent fragmentation of land
tenure establishes early massive democratization. Lycabettus
as an emblem of the ‘cumulative’ mode of urban development
(ManTouvaLou 1995) offers thus, in tune with the voices of
criticism, a democratic alternative to the privately owned
iconic symbols of corporate identity and the skyscrapers of a
contemporary monarchy.

In-between the built base of the hill and the peak observatory
interferes the natural part of the Lycabettus. Itis, in fact, a man-
made nature, the result of a century-long struggle that Greek
society has fought with itself. Green Lycabettus is thus a cultural
conquest of modern Greece and could serve as an example
and at the same time as motivation in the constant effort of self-
discipline in order to establish a relationship with nature that is
not hostile, competitive or destructive. In contemporary debates
about sustainability and resilience which are dominated by
ecological practices of unsealing paved surfaces or planting
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roofs and facades with use of sophisticated technology aiming
to reduce the effect of overheating, the Green Lycabettus
articulates its own radical narrative of green architecture.
Combining the above, we resume that Athens acquires its own
iconic skyscraper, which is ultra-modern because it was built
by a woman, an ancient goddess, is entirely democratic, green
and, against the symbols of contemporary oligarchy, it responds
with a form of satirical criticism.

In 1336, Petrarch decided to climb Mount Ventoux. Upon
descending, he wrote one of the constitutional texts of
Modernity, where for the first time in the history of Western
civilization, the experience of climbing a mountain was regarded
as an opportunity for introspection (Cassirer et al. 1948). Today
a new vision for Lycabettus is constructed by tracing a trail
on its “body” that is both material and mental. Along with the
interventions aiming at the revitalization and reactivation of the
hill, there is also the need to adopt a new narrative capable
of inspiring Athenians and the ‘Friends of Athens’ to reflect
critically regarding the collective condition upon which the city
was built and take action about the challenges of resilience and
systemic adaptation that it faces.
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Abstract

The School of Architecture of the National Technical University
of Athens (NTUA) has over the past four years and within its
academic discipline developed educational programs in order
to raise awareness on the challenges jeopardizing the future
of the island of Santorini. The much-advertised island is pres-
ently being overloaded by tourism and lacks a comprehensive
plan for the sustainable management of its resources. Among
the main risks and hazards threatening Santorini are natural
causes (volcanic activity, earthquakes), ecological causes (tox-
ic materials, waste management) as well as the overuse of its
natural and cultural resources. The island’s resilience is closely
linked to the preservation of its natural uniqueness and the sus-
tainability of its cultural landscape.
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1. Challenges,
Risks and Ha-
zards

In recent years numerous reports in the media feature the
Aegean island of Thera or Santorini as “drowning” because of
extremely heavy touristic flows to this top destination (KoLobny
1974: 425; Berros 2019: www); the Greek Organization for
Tourism (EOT), even, has recognized the fact' that despite the
high profits and revenues, Santorini has already entered the
cycle of decay and decline. The island’s resources - both natural
and cultural - are being depleted beyond recovery, while the
existing infrastructure is being severely challenged by touristic
overuse (see Figure 1).

Fig. 1. The famous view of the Santorini ‘caldera’ (own photo)

Looking to the future, Santorini’s resilience -the capacity to
assume the former shape after a force has been applied on
a system- is being questioned and discussed by a number of
experts within the scientific community. A study conducted by
the Department for Sustainable Development of the University
of Cincinnati in 2004 was one of the first to bring Santorini’'s
challenges into public and scientific discourse (see ReiLLy 2004:
www).

Yet, one must note that in more than one ways Santorini epi-
tomizes the capacity of being resilient throughout its history as

'As stated by ex-president of GNTO Betty Hatzinikolaou during a panel
for the future of Santorini (Res 2018: www).



it is a place made of extreme natural outbursts, maintaining to
this day unique geomorphology and many active volcanoes
(Korakakis 2014: www). The cycle of death and rebirth is an in-
tegral part of Santorini’s identity. From prehistoric ages to today,
the isle of Santorini has weathered acute transformations only
to emerge with an exquisite beauty to be preserved. (Danezis
2001).

The sustainability triangle model applied for Santorini’'s deve-
lopment would require all three facets, society, ecology and
economy to work together in a balanced way. Yet, at this point,
the economy heavily relies on touristic revenue, destabilizing
the other two edges of the triangle— social cohesion and ecolo-
gical equilibrium.

Furthermore, culture alone permeates all three dimensions
— social, economic and external — according to the freshly re-
leased New European Agenda for Culture (EuroPEAN ComMISSI-
oN n.d.: www).

While Santorini enjoys a thriving economy based on touristic
revenue, the production of homegrown products does not em-
ploy its people as it did before the 1960ies. In recent years, the
Therean vineyard was listed as part of the island’s intangible
heritage on the Greek national inventory, yet the protection of
its vineyards requires an enforced regulatory frame.

Most important, heavy touristic overflows affect social cohesi-
on, with temporary stays outnumbering permanent inhabitants.
Traditional professions, mores and habits are on their way to
extinction, while the scarcity of affordable housing is the reason
why teachers, doctors and officers do not opt for living and wor-
king in Santorini, a fact that leads to critical shortages in staff.

The heavy air and boat traffic affects the ecological equilibri-
um, while the recent tragedy of the cruise boat “Sea Diamond”
wreck? — a toxic bomb at sea bottom — presents a serious th-
reat to the island’s waters.

2 https://safety4sea.com/cm-sea-diamond-a-pollution-bomb-at-the-bot-
tom-of-aegean-sea/

Riva Lava
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The abovementioned subjects consist of considerable challen-
ges, risks and hazards. They are bound to Santorini’s earth,
waters and its subterranean layers: today’s risks spring mainly
from the volcanic and seismic activity in the area, while his-
torically the extended quarry exploitation of the Therean earth
during the 19" and 20" century has left its irreversible marks on
the island’s strata (see Figure 2).

Fig. 2. Layers of many different geological periods can be seen on the
cliffs of Santorini (K.KONSTANTINIDIS)

Close-to-saturated landfills progress without a comprehensive
plan for waste management, while the Sea Diamond shipwreck
at the depths of the islands waters poses a significant toxic ha-
zard.

The cardinal challenge for the island’s future lays in the progres-
sive consumption of its natural and cultural resources. At the
dawn of the 21t century, after having survived deadly volcano
eruptions and earthquakes, tourism now threatens Santorini’s
very existence. Due to a lack of a comprehensive preservation
framework, Santorini’s unique natural environment and traditio-
nal habitat fall prey to the human disturbance of heavy touristic
inflows that threaten to eat up its core natural and cultural va-
lues (Lava 2017).

Santorini epitomizes a merging, mutually inclusive world of na-
tural and manmade homescapes, where time and place melt
into an etched, onto its soil, history. The island’s history is recor-



ded in the formations and layers of its earth, while its traditional
architecture —which very much influenced leading modernist ar-
chitect Le Corbusier - is an inventory of ways man improvises
home while balancing between a shortage of building materials
and the resilience of Santorini’s volcanic soil.

For architects, planners and artists, Santorini has been a sour-
ce of knowledge and inspiration, especially during the 20"
century, when its architecture was proclaimed as archaic by
the masters of the Modern movement. Furthermore, Santorini
presents a school for architects per se, as it offers a unique
paradigm for the study of both, modern and traditional heritage,
as well as landforms and cultural landscapes (FrRavPTON 1985).

The overuse of Santorini’s resources led to the consumption
of its culture, in both territories, society and landscape (Lava &
INeTZI 2019) (see Figure 3 and 4).

Fig. 3. Large numbers of tourists meet every year in Santorini (own photo)

Riva Lava



104

21st century Santorini - tourism, resilience, identity

2. Governance,
Pedagogies
and Public
Awareness

Fig. 4. Large numbers of tourists meet every year in Santorini (own photo)

In 2015 the NTUA School of Architecture set out to raise awa-
reness about the challenges Santorini is faced with for the 21st
century, addressing many members and stakeholders from the
local authorities, as well as members from the national and in-
ternational scene, among them academics, scientists, artists,
writers, students, journalists, entrepreneurs and politicians. A
number of educational programs and activities, coupled with
numerous mainstream activities such as exhibitions, films and
literary publications, have placed Santorini in the limelight of
public attention and discourse.

In particular:

During the fall semester of the academic year 2015-16 NTUA
students of architecture visited the island of Santorini in order
to study the traditional architecture there within the framework
of the course “Architectural Analysis of Traditional Buildings and
Settlements” (see Figure 5,6 & 7).
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Fig. 5, 6, 7. Student projects from the course “Architectural Analysis of
Traditional Buildings and Ensembles”, 2015-16 (NTUA photo archive)
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The course resulted in a conference and exhibition in the capital
of Santorini, Fira, the following spring 2016. With the participa-
tion of the mayor Nikolaos Zorzos together with local architects
and artists, the issues endangering Santorini’'s contemporary
identity were discussed in length (see Figure 8 & 9).

2016 (own photo)

Fig. 9. Mayor N. Zorzos at the podium of the conference
(own photo)



In early spring 2016, a workshop for students of architecture at
NTUA was conducted as part of the events staged for the 50-ye-
ar-commemoration of Le Corbusier’s death (see Figure 10).

MONTEPNA IANTOPINH
O Le Corbusier kai n Movrépva Iavropivn

Acvtipa 27 lovviov 2016, dpa 20.00, BIOS Cinematheque, Neipaidg 84, Nkadi

Ey
Le
Corbusier
Kopumolié

Fig. 10. Poster from the screening of the short film “Modern
Santorini (own photo)

As Le Corbusier was inspired by the architecture of Santorini
when he visited the place during the 4" CIAM in 1933, students
traced the origins of that encounter based on bibliography and
the footage that Moholy Nagy had compiled during this visit.
The work was edited in the form of a short film entitled “Modern
Santorini”, which was launched in June 2016 at the BIOS thea-
tre in Athens (see Figure11).

Riva Lava
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Fig. 11. Screening of the short film “Modern Santorini”, BIOS, Athens,
June 27, 2016 (own photo)

The film was featured that same year at the Athens Documenta
- an international art show usually staged in Kassel, Germany -
and was uploaded on the internet. The project received further
publicity from the media®.

The academic year 2017-18, an elective course for architecture
students got introduced to the curriculum of the NTUA School
of Architecture. The course, established by Dr. Riva Lava, was
entitied “Form (Morphe) vs Inhabitation: The case of Santorini ”
and its scope was to foster research by design.

The course examined the natural and manmade environment
of Santorini, focusing on the morphology born out of the volca-
nic and seismic underground laboratory of the insular complex,
as well as the condition for the inhabitation of the cliffs and
the valleys with the use of local materials. The topomorphy of
Santorini and the forms of inhabitation it implies, consisted the
thematic for the study of the Therean cultural continuum from
the prehistoric house of Akrotiri, the traditional and modern he-
ritage, up to the contemporary condition, in order to interpret
the local architectural idiomatic expression during the 20" and
21t centuries.

3 A number of Greek news websites, such as LIFO, featured the film
“Modern Santorini” within the framework of the events commemorating
Le Corbusier’s death.



Its pedagogic frame encourages students to develop interpre-
tations of the Therean cultural landscape and transcribe their
work into proposals for a better future on the island. At the same
time, the projects aimed at raising awareness on the current
conditions shaping life in Santorini among inhabitants and vi-
sitors.

The first 18 students who participated spent four days on the
island conducting in situ research and developing 18 different
approaches on the future of Santorini. Each project was based
on a working hypothesis which brought together landforms and
new possibilities of inhabitation by employing concepts such as
the outline and contour of place, the transformation of geomor-
phological substrata, structural minima of inhabitation on the
Therean ground, inhabitation in transformation, traces, trajec-
tories and 3D grids. Other working schemas employed were:
the meeting of time and moment, the deciphering of the lands
shape, allegories, the sound of poetry, the porous quality of
land as a tactile experience, pareidolia and parallax, as well as
the narrative as a way to construct space. The last assignment
of the course pertained to the design and materialization of the
exhibition of the works with the hope of establishing dialogue
and exchange with the local people, as well as the visitors of
Santorini.

The projects urged local agents and municipal authorities of
Santorini to empower educational institutions and to take action
in order to balance the heavy tourist activities with heritage and
cultural networks.

The course resulted in an exhibition hosted by the Therean mu-
nicipality of Pyrgos, and it lasted from May until June 2017 (see
Figure 12,13 &14).

Riva Lava
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Santorini
mental landscapes

ooiects

of
the National Technicol Univerit of Athens

Fig. 12. The group of NTUA architecture stu-
dents at the gallery in Pyrgos, Santorini, May Estio Pyrgou Kallistis _on the squore
25,2017 (OWn phOfO) 25 May - 15 June 2018

Fig. 13. Poster of the exhibition “Santorini Minds-
capes” (own photo)

Fig. 14. The exhibition “Santorini Mindscapes” (own photo)
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The compilation of its pedagogics and projects in a textbook for
academic use entitled ‘Santorini Mindscapes’ which is currently
under publication by the NTUA publishing house (see Figure
15).

Fig. 15. Cover of the educational text book “Santorini Mindscapes” (upcoming)
The exhibition was enthusiastically received, while it stired public discussion about the potential of
the island and its future. (NTUA photo archive)

The second year of the elective course in 2018 was dedicated
to the newly coined term ‘cultural carrying capacity’* , an expan-
ded term describing the capacity of Santorini to adopt global
travellers’ cultures without losing its own physiognomy. A con-
sumers’ culture of ‘things made easy’ establishes populations
of visitors who will move in a coordinated fashion via shuttles,
taxis, cars and limos to reach their hotels. Such crowds will
use pools for swimming and capturing the sea from afar. Place
breaks up into a network of advertised spots and photogenic
corners serving as sunset decks. A process of cultural territori-
alization begins (Hatziviannaki 2011).

Students visited pre-elected sites on the island and developed
their research by design with a focus on cultural carrying capa-
city. After the completion of the course, a number of students
presented their findings in the form of academic papers and

4 The carrying capacity of Santorini has been subject of a collaboration
of an expert team from the “Elliniki Etairia — Society for the Environ-
ment and Cultural Heritage” and the Municipality of Santorini, 2018-19
with the participation of NTUA Architecture professors K.Serraos and
R.Lava

m



21st century Santorini - tourism, resilience, identity

n2

disseminated the research during a special session dedicated
to Santorini at the International Congress “Changing Cities 1V”
which was staged in Chania, Crete, in June 2019 (Lava 2019:
WwWw).

In the same year, 2019, the 58" volume of the Greek literary
periodical “de_kata” was dedicated to the contemporary culture
of Santorini (see Figure 16).

og|kata

A’*Zavaz'vﬂ, n nop(DUPOyévm%

Oyeig 1010plog Kol ToMTIoUOD

www.dekata.gr

Fig. 16. Cover of the literary magazine “de_kata” dedicated to the con-
temporary culture of Santorini (de_kata magazine photo archive)

The issue aimed at bringing to the present-day front authors,
poets, photographers, architects, painters, historians, archa-
eologists, geologists, as well as ordinary people who are part
of the islands cultural continuum in order to highlight the pro-
duction of contemporary Therean culture. Numerous NTUA
architecture students and graduates participated in texts and
project presentations.



Assessed against the sustainability triangle model, Santorini’s
resilience and sustainable development is strongly linked to
its cultural cohesion, the framework which holds together the
place’s character and uniqueness. Regarding its social tissue,
travellers and visitors outweigh the indigenous people on the
island today; as a result, mores and rituals may become extinct,
while traditional art and architecture suffer the mega-invasion of
a ‘room to rent’ culture.

Santorini’s natural landscape, because of its uniqueness and
beauty, carries the heritage value of a cultural landscape; eco-
logical imbalance and toxic debris today pose the very body of
Santorini under threat. As far as the island’s economy is con-
cerned, tourism overwhelms traditional production of homeg-
rown goods and thus depletes the natural habitat of the There-
an insular complex.

Culture — the way people live and do things — is strongly affec-
ted by the imbalanced growth of global tourism in Santorini. The
NTUA educational initiatives aimed at bringing the cultural po-
tential of Santorini’s place and people to the forefront and har-
ness its power for social cohesion and well- being, as well as
for the enhancement of the quality of the touristic experience.

Although some habitually argue that the academia does not
change things fast enough by effectively steering politics, we
would like to state that we disagree and express our firm belief
that through education and pedagogy we see the only true way
to redefine the issues of humanity in their totality and radicali-
ty. In other words, by delving into the deep structures of each
cause, we may be able to reframe politics and create consen-
sus for communities to see and share. The utopias of fresh stu-
dent projects, can -surprisingly enough- create new mental or
imaginary entities (Hararl 2016), new narratives about place
and culture and cater the ‘glue’ for a sustainable community of
deed and thought.

Riva Lava
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Global climate change, as well as economic and social chang-
es, pose new challenges to urban and regional development
worldwide. Rapidly changing climate, economic and social
trends require adaptation and address several uncertainties
and complexities to enable proactive action. Therefore, cities
and regions around the world face the challenge of exploring
flexible and innovative forms of governance that address spe-
cific local vulnerabilities and commit to development of capacity
for future change - the resilient city as a planning goal.

From the 22 to the 26" of July 2019, the summer school within
the research project “HeKriS — Challenges of resilience in Euro-
pean Cities” took place in Hanover, Germany. It discussed the
topic “Governance of Resilience: Environmental Challenges in
European Cities” within the greater urban complex of Hanover.
The emphasis was set on the risk of the occurrence of extreme
events in the urban area of the Hanover Region, especial-
ly urban heat islands and seasonal flooding and their conse-
quences for humans, the built environment as well as all kinds
of infrastructures and services within the city and the region.
Dealing with such shocks and events enhances crucial charac-
teristics from architects and urban planners to develop resilient
cities and city-regions — now and in the future. The germinal
question to be examined during the Summer School was how
to deal with climate change induced extreme events, in terms

ne
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The scope of
work of the
Summer School

of governance, as planners or architects to aim at resilient, live-
able cities for future generations. This summer school aimed
at encouraging the participating students to get an integrated
perspective on the phenomena of urban heat islands and flood-
ing in specific areas of Hanover. This includes not only aspects
about the built environment (like the location of buildings, den-
sity of housing, fresh air corridors, etc.), but also raises ques-
tions about planning processes and creation of awareness on
the local level, as well as about dealing with uncertainty and
complexity and reflecting on the roles of different stakeholders.
The participants were asked to analyse given neighbourhoods
and develop strategies for resilient urban areas in the city of
Hanover by identifying, understanding and applying crucial el-
ements and factors to create sustainable urban environments.
The results are five strategies providing solutions for reduced
vulnerabilities occurring from urban heat islands and flooding in
respective areas.

Urban heat islands and flooding are one of the challenges that
might become a real threat in the future for the city of Hannover
due to continuously rising temperatures and prevailing weather
unpredictability induced by climate change. Hence, five groups
of German and Greek students, together in interdisciplinary and
international groups, were required to carry out and conduct
research activities on the aforementioned topics located in an
urban area of Hanover city. The participants were introduced
to the issues by valuable keynotes of local and foreign experts
and practitioners on urban resilience. Additionally, information
material such as maps and literature were provided, and the
organisation team offered scientific support during the analysis
and strategy-making development processes. During the sum-
mer school, the groups analysed their specific neighbourhoods
according to urban heat islands or flooding risks and answered
the questions: Where could you potentially find them? What
characterises the local context (built environment, societal di-
mension, and environmental aspects)? How are the surround-
ings affected by heat islands/risk of flooding? Accordingly, after
the detailed analysis, the groups presented their ideas and ap-
proaches to dealing with the respective challenges and eventu-
ally introduced their innovative, sustainable and resilient solu-
tions to the organisers and other participants.



Lena Greinke, Kendra Menking, Filip Snieg

The five developed resilience concepts were presented and
discussed on the last day of the summer school. The students
combined governance approaches as well as practical solu-
tions; they experimented in particular with design concepts
such as the planting of trees, unsealing of paved surfaces, in-
troducing green canopies, green roofs and facades as well as
creating planned flooding zones. Importantly, the groups did not
only focus on their single tasks but also came out with excellent,
innovative ideas and concepts on how to cope with flooding and
urban heat islands in different resilience strategies for the city
of Hanover. The final ideas of each group on how to deal with
given topics are presented in the five following articles:

The concept Tr-Island - Combating Urban Heat Islands in
the City Centre in Hanover presents a proposal for dealing
with the issue of urban heat islands in the city centre of Han-
over. By utilising the old tram infrastructures in the area, the
proposal unifies the area and creates a more attractive public
realm network. In the urban areas, water elements and veg-
etation were introduced to reduce the heat island effect sig-
nificantly. The paper further emphasises the importance of a
comprehensive urban governance implementation process and
recommends the introduction of a resilience action programme
to achieve sustainable urban development in Hanover.

HannOVER heat - Steintor’s heat islands focuses on the
north-western parts of the city centre of Hanover, which are pro-
foundly affected by higher temperatures compared to less-ur-
banised and less-densely built areas. The paper promotes dif-
ferent level solutions in order to defuse the challenge of heat
islands. The suggested ideas include proposals of governance
as well as more operative solutions, like the expansion of the
existing vegetation, the creation of shading and the unsealing
of pavements.

The concept Coping with the heat island of Raschplatz and
surroundings in Hanover analyses the challenges in Ra-
schplatz area in terms of heat islands. With the help of a site ob-
servation physical and socio-ecological urban contexts as heat
affecters were explored. In order to improve the current heat
island situation of the Raschplatz area, the concept suggests

Five concepts
of the Summer
School
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creating green spaces, roof greening, the greening of vertical
structures as well as heat isolation of buildings and creation of
water surfaces.

In Double Trouble, the authors focus on flood risks in a specific
neighbourhood in the city of Hannover. The concept discusses
historical events and actions implemented by the municipality,
as well as the study of data provided by it. With the help of
research and discussion, the paper aims to develop guidelines
and propose design strategies to address flood threats on the
study case site.

Resi? Rick: Flood Resistance and Resilience in Ricklin-
gen, Hanover explores how factors of flood resistance and
resilience are addressed within the development of an area in
Ricklingen, a hydro-geologically vulnerable district in the south-
west of Hanover. The already existing dyke as a flood control
and resistance measure offers protection against fluvial floods
but does not offer protection from pluvial or flash floods and
further intensification of extreme weather events. To adapt to
climate change, the concept proposes the establishment of
ditches that relieve stress from the drainage system and ponds
and green roofs to evacuate intense rainfalls. In addition, the
proposal foresees awareness-raising campaigns, resilience
meetings and supplemental incentive schemes to encourage
civil initiatives and actions such as the instalment of ponds on
private property.









1. Tr-Island -
Combating Urban Heat Islands

in the City Cenire in Hanover

Kendra Menking, Fabrice Rutikanga

Leibniz University Hannover

https://doi.org/10.15488/6755

Abstract

As part of the HeKris research and exchange, this paper pre-
sents a creative proposal in dealing with the issue of urban heat
islands in the city centre of Hannover. The area in question is
essentially fragmented due to heat island effects making some
streets and connecting roads unbearable to walk through. By
utilising the old tram infrastructure on PrinzenstralRe and Schiff-
graben, the project unifies the area and creates a more attrac-
tive public realm network. The introduction of vegetation and
water elements in urban areas was found beneficial to reduce
the heat island effect significantly. The paper further emphasis-
es the importance of a comprehensive urban governance-ori-
ented implementation process and recommends the introduc-
tion of a resilience-focused action programme to achieving
sustainable urban development in and around Hanover.
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Intfroduction

Methodology

European countries need to react to incoming crises caused
by the phenomenon of climate change to ensure sustainable
urban and regional development. The increasing number of
heat waves puts pressure on social and ecological systems and
functions (KersHaw 2017: 5-1f). In this context, the concept of
urban resilience refers to withstanding threats and stresses. It
describes an urban system’s ability to act as an intermediate
approach by developing proactive adaptation strategies to re-
duce the levels of vulnerability of cities and regions. (LEICHENKO
2011: 164)

The city of Hanover faces worsening heat stress and has the
potential to develop urban heat islands (UHIs) (SchmioT 2019:
oral). UHIs are defined as a phenomenon in which “the urban
air temperature is higher than that of the surrounding rural envi-
ronment” (KLeerekoPeR et al. 2012: 30). Depending on the time,
place and urban characteristics, differences of temperature can
vary (ibid.).

The resilience of the city with regard to heat will be the subject
to this paper. This research paper outlines a strategy of a trian-
gle-shaped urban network of green infrastructures, enhancing
the city centre’s urban micro-climate, reducing the occurrence
of UHIs. The paper begins with a brief description of the re-
search methodology. Then, the study area is shortly described,
and findings are explained in context to the main concept for
the area. The urban governance characteristics for implement-
ing the strategy are shortly pointed out before the authors give
a short recommendation for implementation. Lastly, the conclu-
sion is drawn.

The mental map approach is a method that outlines personal
representations of people’s internal perceptions with the exter-
nal world in terms of experiences, values and goals. The con-
struction of individual perceptions and understandings of the
world supports an urban planning process strategically by fos-
tering planners and decision-makers understanding and plan-
ning for a variety of concerned user groups and stakeholders.
(Jones et al. 2011: 46) Hence, the main approach for the design
of the research proposal has been to observe what already ex-
isted in the area, what could be adapted and what could be
where improved to prevent heat islands from occurring. In turn,
by working with the existing city fabric and by constructing a
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new one, this project carefully deals with the historic buildings
and streets prevalent to the area.
In addition to the mental map approach, a review of statistical
data, context-related literature and strategic documents of the
city of Hanover was carried out to further support the identifi-
cation of potential UHIs in the study area. An indicator system
was developed to evaluate the level of exposure to heat, as
depicted in table 1.

‘GREEN INFRASTRUCTURES

- Shareof greenspaces (in-

street, facades, rooftops)

- Functional integrity of

greenspacesinthe urban
space

- Share of shade on the

streetsand pavements

Tab. 1. Indicator System .for the Evaluation of He.or Exposure (own depic-
tion)

Trisland -
Combatting
Hanover’s Heat
Island
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Analysis results

In the following section, the analysis results about the loca-
tion’s exposure to heat are presented. Then, the conceptual
approach to combat UHIs is explained using a master plan and
detail plans of the area. The scientific justification of chosen
measures follows before the urban planning process is reflect-
ed regarding urban governance.

In the following, analysis results are outlined.

Exposure to Heat

Based on the indicator system and with respect to the three
components in table 1, three categories of heat exposure were
developed to categorise the analysed area as depicted in table
2.

LEVEL OF EXPOSURE DESCRIPTION
Indication of high pressure on the street. The streets are not or hardly
equipped with green infrastructures, cooling materials and infrastructures for
High buildings, facades and surfaces. A high volume of car traffic leads to
significant exposures in terms of air and noise pollution. Heat islands are likely
to develop.
| Indication of 3 medium level of pressure on the street. The streets are partly
equipped with green infrastructures, cooling materials and infrastructures for
Intermediate buildings, facades and surfaces. Constant car traffic leads to partial exposures
in terms of air and noise pollution. Heat island may occur.
Indication of a low levelof pressure on the street. The streets are mostly well-
equipped with green infrastructures, cooling materials and infrastructures for
Eog buildings, facades and surfaces. Low car traffic hardly leads to exposures in
terms of air and noise pollution. Heat islands are unlikely to occur.

Tab. 2. Levels of Exposure to Heat (own depiction)

Figure 2 shows the results of the analysis. The red-highlighted
streets are perceived as being highly vulnerable to heat stress,
whereas the green-coloured ones show hardly exposure. Inter-
mediate pressure is revealed by orange-coloured streets.
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Fig. 3. GeorgSpIof/z: Low Ekposure to Heat
(own depiction)

Fig. 4. Analysis Results (own depiction)

The western area, including the Opernplatz, the Georgsplatz
and Theaterstralle, represents well-functioning climate-friendly
adaptation measures to heat vulnerability (see Figures 3 and
4). High trees and closely-connected green areas along the al-
ley GeorgstralRe offer good access to shaded locations. Water
elements on Georgsplatz further support a balanced micro-cli-
mate and a partly opened surface structure offers possibilities
for evaporation. Despite the high density of buildings, the ma-
terials are identified as being hardly susceptible to radiation.
Nevertheless, the dense concentration of buildings was found
to limit air circulation. Only one wind corridor was identified in
the Sophienstralle. Despite the wind, a high amount of asphalt,
the street’s east-west orientation and the lack of greenery were
found as strong exposures to sunlight that reflects without hin-
drance.
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Fig. 5. PrinzenstraBe with disused tram tracks
(highlighted in green) (own depiction)
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Contrastingly, it was found that the eastern part of the study
area is mostly affected by exposure to heat. A lack of greening
on street, such as trees, and a high density of high-rise build-
ings with reflective facades, partly of glass, were revealed. This
finding is accompanied by the low quality of stay due to the lack
of a dedicated public gathering area equipped with shade and
seating furniture. The majority of streets is asphalted, which
further reflects heat and leaves hardly any possibility for evap-
oration. Additionally, the area is disconnected to the functional
integrity of the main city centre. This separation is enforced by
the streets Schiffgraben and Prinzenstral3e that prioritise car
traffic on multiple lanes. Especially on Schiffgraben, high mo-
torised traffic volumes are recognised. Further, disused tram
tracks lower the urban design along Prinzenstral’e and Schiff-
graben.

.

\— \c—
prm—— )
\Se—  \w

e

\ = X e
Fig. 6. Asphalted street highly exposed to
heat (own depiction)

Based on these findings, the clear divide within the study area
is revealed as depicted in Figure 2. Despite a lack of quali-
tative and quantitative research methods, it could be proven
that the occurrence of UHI varies regarding the urban structure.
Micro-urban heat islands were identified in a few streets, public
parking lots and public inner courtyards based on perceived
changes of local temperatures occurring from a lack of wind
and vegetation elements.
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Use of Area

The whole area is characterised by three main types of us-
age that are mixed areas, green areas and residential areas
(LANDESHAUPTSTADT HANNOVER 2019: www) as outlined in Figure
7. These usages were further analysed and divided by their
functionality. The western part of the area is the dedicated
core shopping area. It is interrupted by two green areas at
Georgsplatz and Opernplatz that provide healthy gathering
places. A small part of the area with high importance in the
urban context is dedicated to cultural usage at Opernplatz
and partly Prinzenstrale: Key cultural points of attraction, i.e.
the Hanover state opera and the state theatre. Furthermore,
the functionalities in the centre and centre-east are identified
as the financial and administration district. A small part in the
east is dedicated to residential use which enhances the possi-
bility to expand over the study area’s border. According to the
land-use plan of Hanover, one hospice was identified as be-
ing located in the eastern area. (LANDESHAUPTSTADT HANNOVER
2019: www) However, it could not be clearly identified wheth-
er the institution is vacant. Therefore, this kind of usage is not
considered in the following.

User Groups

Based on the zoning and the functional analysis of the study
area, three main user groups were identified as being ex-
posed to urban heat stress.

= Visitors to the city of Hanover for the purpose of tourism and
shopping

= Employees from surrounding shops, financial businesses,
insurance companies, banks and administrations

= Residents living in the north-east of the study area

It is clearly discernible that these user groups follow differing
interests with respect to them staying and spending time at
locations in the area. While visitors are expected to remain
outdoors for longer intervals, employees are likely to gather at
these places for shorter intervals, e.g. during their daily lunch
break. Moreover, the periods of usage differ significantly from
each other. While residents are expected to mainly visit these
areas in the late afternoon and evening hours during the
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Conceptual
design

week, visitors would rather use the place during the daytime.
Employees, however, are expected to use the place during for
lunchtime activities around noon. The diversity of user groups
points out several demands on public spaces. This makes it
clear that new adaptation measures for climate resilience must
show beneficial cooling effects on both the inside and outside
of buildings.

Figure 7 summarises the findings concerning the functional
separation of the area and the main types of land use. The
arrows show potential flows of pedestrian ways to reach the
closest green public places of stay. The distance to green areas
and streets can reach up to 600 metres which emphasises the
urgent need for action.

The following concept consists of a master plan that is followed
by a three-stage detailed plan.

Masterplan

The masterplan outlines the core strategy of developing a
heat-resilient area in a central part of the city of Hanover. The
plan focuses on the more vulnerable eastern area as identi-
fied in the analysis; adequately described by the name of the
proposal, Tr-Islands referring to the train-tracks and the trian-
gle-shaped as the main unifying component in the design of the
masterplan. Three core priorities in three-time frames of imple-
mentation are set:

TIME FRAME PRIORITY

Enhancing urban resilience towards adapting to heat stress by the creation of 2
Long-term

green network system.

Increasing the urban quality of stay regarding the user groups differing demand

Medium-term ; <

by re-using abandoned tram tracks as a complementing network axis.

Creation of an expanded pedestrian network to central places of stay from the
Short-term Eastern part of the planning area by implementing heat-avoiding and resisting

guiding elements.

Tab. 3. Core strategy (own depiction)
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Fig. 7. Brief summary of findings (own depiction)
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Figure 8 portrays the masterplan’.

Central Squares of area

Residential area

Cultural buildings

Intervention 1

Intervention 2

Intervention 3

Intervention 4

Unsealing areas
Water element

Abandoned tram rails

Existing vegetation

New vegetation
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Water sprinklers
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—

Fig. 8. Tri-Island Masterplan (own depiction)

"It should be noted that the paper does not explicitly refer to all measu-

- res outlined in the masterplan
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Detailed Investigations

Three detail plans point out potential measures for climate
resilience adaptation. For each focus area, the precondition is
shortly given before the respective approach is explained.

Focus area 1: Schiffgraben south

Preconditions: The regarded section of the street Schiffgraben
is characterised by a large cross-section. The road currently
includes disused tram tracks with an abandoned tram terminal
point Aegidientorplatz. A lack of high trees and greening
elements can be identified, leading to a low quality of stay and
high levels of potential heat exposure. Similarly, high numbers
of passing by cars lead to noise and air pollution.

Approach: While the tram station will be removed, the tram
tracks are kept in order to retain the place’s former identity.
Greening measures are going to be taken for the middle verge
on-top and around the tracks. Measures include the planting of
high trees for the provision of shade, the planting of grass and
seasonal flowers. (see Figures 9 and 10) Additionally, these
actions increase the up-take of rainwater and the absorption
of CO, for counteracting pollutions from e.g. cars. Furthermore,
noise emissions can be lowered by the reduction of sealed
surface. An additional implementation element is a narrow
watercourse along the track, contributing to cooling the area
through water evaporation. Plants and tall trees will be planted
to the sidewalks and cycle paths along the street, with a steady
line of small water fountains, resulting in more favourable heat
conditions for pedestrians.

Fig. 9. Installation of Heat Prevention Measures on Schiffgraben (own
depiction)
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Fig. 10. Plan of Heat Prvﬁon meosues ons hfgr'en, Area B (Mas-
terplan) (own depiction)

Focus area 2: Prinzenstralle

Preconditions: Prinzenstrafle connects Sophienstralle and
Theaterstrale. It is a narrow one-way street, by the northern
part of the disused tram tracks in northern and southern
direction. The street’s importance is highlighted by the presence
of the local theatre. Greening elements are missing in the urban
structure; hence, the street is perceived as highly vulnerable to
heat stress.

Approach: 1t is proposed to implement greening elements
between the buildings. A green canopy is suspended above the
street level, with vines and climbing plants creating adequate
shading without the use of trees. This measure is implemented
to address the narrowness of urban space. Furthermore, the
space of the tram tracks is used to extend the water element
from Schiffgraben, for further cooling. Additionally, the street

| Prevention Measures  Fig. 12. Plan of the Heat Prevention Measures on
13 ©n PrinzenstraBe (own depiction) PrinzenstraBe, Area A (Masterplan) (own depiction)
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will be equipped with street furniture to increase the quality of
stay for users. The furniture supports spaces dedicated to pubic
usage and not for commercial purposes.

Focus Area 3: Streets to the east of Schiffgraben - Creating
a Network
Preconditions: See Focus Area 1.

Approach: Along the Schiffgraben road link to Sophienstralle, a
combination of tree planting and unsealing surfacing measures
should be implemented. This will create more adequate walking
conditions for pedestrians and cyclists with reduced street-
level temperatures. People are encouraged to actively move
westwards the city centre area to benefit from high-quality
green spaces of stay. Secondly, the connection between the
city centre and the residential area is enhanced by adding
more trees for shading. Additionally, spatial markers will guide
residents as they move further into the city centre with green
sculptures becoming more frequently placed as moving closer.
Finally, the creation of additional green pocket spaces, within
accessible building courtyards, will improve the spatial quality
and the users’ values, especially for employees working in the
large office buildings.

Measures to be implemented are chosen based on their scien-
tifically proven capability to provide for environmental and so-
cial resilient capacities needed in response to the former anal-
ysis. Additionally, the presented approach aligns with the urban
development strategy Hannover City 2020+ (LANDESHAUPTSTADT
HaNNoOVER 2011: www).

Whereas the urban built form and the materials are hardly sub-
ject to change, water and vegetation were mainly chosen as
interventions for reducing the UHI effect (cf. KLeerekoreR et al.
2012: 32). According to KersHaw (2017: 4-29), blue and green
infrastructure are well suitable for mitigating UHIs.

Vegetation measures can have an average cooling effect up to
4.7°C in urban areas. An environment can be actively cooled by
transpiration and evaporation. Additionally, planting high trees

Justification for
chosen mea-
sures



138

Tr-Island - Combating Urban Heat Islands in the City Centre in Hanover

with dense treetops provides for shading surfaces and lowers
the absorption of radiation. Vegetation in terms of green public
spaces further benefits citizens acceptance and can be imple-
mented at a low cost. (KLeerekoreR et al. 2012: 32) Moreover,
vegetation serves for potential flood relief by being an ecolog-
ical, natural and therefore sustainable drainage system. Apart
from the “hard” facet of built resilience, “soft” social factors are
enhanced by the improved health and well-being of users due
to the environmental improvements by aestheticised urban
structures. (KersHaw 2017: 4-20)

Street trees

Trees can absorb up to 90% of solar radiation and thus have
a positive effect on urban micro-climate. The temperatures un-
der trees reach a cooling effect of up to 15°C compared to the
temperature of the environment (Tonnewck et al. n.d.: 13ff). The
larger the treetops, the stronger the measurable temperature
difference in the built environment. (KLeerekoreR et al. 2012: 32;
TonNEwck et al. n.d.: 16)

Green spaces

Greened areas generate cooling as they are suitable for rain-
water retention, which then evaporates again (KersHaw 2017:
4-20; KiLeerekorer et al. 2012: 32; Tonnewck et al. n.d.: 16).
Green street spaces further provide for multifunctional use.
Ecosystem services bind air emissions such as CO,. Equally,
social cohesion is strengthened as the quality of stay at public
spaces is enhanced by their regulative impact (BFN 2017: 17).
The authors emphasise the importance of social capital in the
context of a resilient urban environment. The usage of wildflow-
ers or other plants similarly enhances the quality of the urban
environment (TonNElck et al. n.d.: 24).

Water elements

Water functions as a heat buffer by its heat absorption capac-
ity. Especially flowing waters, such as streams, are most suit-
able for transporting the heat out of the area (KLeerekoPeR et
al. 2012: 33). The biggest cooling effect comes from dispersed
waters such as fountains (ibid.).
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Non-consumption areas / Street furniture

Non-consumption areas can animate people to socially inter-
act (Tonnewck et al. n.d.: 28). This contributes to building so-
cial capital and thus social resilience as they provide inclusive
areas. Likewise, street furniture in various spaces offers the
possibility to participate in public life. Especially elderly and
weaker people benefit from such infrastructures as these offer
rest places and public realm. Therefore, sufficient and well-de-
signed infrastructures in urban places can help people to build
social capacities and to encourage social exchange.

Green Network

Apart from urban heat prevention and adaptation measures,
the creation of a green network shall provide for enhanced lev-
els of social resilience. On the one hand, a network of green
infrastructures enables balancing and synergising heterogene-
ous user demands by providing for multifunctionalities of space
(BFN 2017: 14). The incorporation of the crucial resilience el-
ements, diversity and redundancy, is supported as the urban
land-use patterns serve for various social, ecological, econom-
ic functions (SHARIFI & Yamacata 2018: 19). On the other hand,
a network consisting of greened pathways offers a basis for
sustainable mobility, as movements of people are facilitated
by well-designed pedestrian paths and areas (OrLazasaL et al.
2018: 200; BFN 2017: 13). Eventually, mixed-use neighbour-
hoods and walkability “provide more opportunities for strength-
ening social networks and enhancing social interactions among
neighbours, thereby enhancing social capital and sense of
attachment to the community” (CARPENTER 2015 in SHARIFI &
Yamacata 2018: 18). (BFN 2017: 13; SHARIFI & YAMAGATA 2018:
18f). “The creation of an urban green network benefits that ur-
ban heat island effects as it accumulates from the sum effect
of all development [so that] great variations may be evident in
small areas and these have immediate impacts on residents’
health and energy demands.” (StancL 2018: 186) Eventually,
linking residential and business is essential for enhancing ur-
ban resilience (BFN 2017: 13).



14

Tr-Island - Combating Urban Heat Islands in the City Centre in Hanover

The notion of
urban gover-
nance

The consideration of urban governance in the context of urban
planning plays a major role in resilient urban development.
Urban governance “refers to how government (local, regional
and national) and stakeholders decide how to plan, finance
and manage urban areas” (Avis 2016: 4). As it is profoundly
politically informed, a process for decision-making should be
strategically determined by a variety of institutions and actors
(ibid.). Strong structures of cooperation can build up a local or
regional system of action (PLoGerR & Lang 2013: 334; LukescH
et al. 2010: 47). According to the UN-Hasitat (2015: 1), urban
governance is understood as “the software that enables the
urban hardware to function [...]” by making “local institutions
able to respond to the citizen’s needs” (ibid.). That indicates the
need for multi-level governance in order to make decisions on
vertical and horizontal levels (UN-Hasitat 2015: 1).

The urban development process for implementing heat-resilient
urban areas needs to be shaped by these characteristics. To
include various competencies which strengthen redundancy
(KunNeL 2014: 181; LukescH 2010: 50f), stakeholders of the
private, public and non-governmental sector will have to be
included.

The public sector, represented by the City of Hanover, acts as
the executive and legislative power. The city’s government,
but also the regional and state government indicate key roles
in terms of political decision-making and establishing legal
frameworks. The multi-level approach is highly important as, in
the case of heat islands, not only the urban micro-climate needs
to be regarded, but further the meso-climate of the Hanover
region. Additionally, an integrated approach towards urban
planning should take place. It could be beneficial to create a
municipal working group with representatives of the city’s’
different departments and institutions to foster collaboration,
knowledge transfer and the effectiveness of urban planning
(BFN 2017: 24).

The inclusion of the private sector is particularly important
due to various reasons. First, the outlined concept concerns
numerous private businesses and companies that are in



Kendra Menking, Fabrice Rutikanga

the area. Owners and users of the buildings, especially in
Prinzenstral’e, need to be informed and convinced about the
importance and effectiveness of the planned measures as these
directly affect the usage of building structures and facades.
Them being highly aware of the vulnerability to heat stress can
increase their openness and willingness to participation and
collaboration.

A further important stakeholder is the USTRA traffic company
due to it being responsible for the disused tram tracks that
are subject to the re-design of the urban space. Moreover,
collaboration with experts from private urban planning
companies is useful for a strategic, independent planning
process, knowledge transfer between different stakeholders
and for quality guarantee (BFN 2017: 24). Public-private
partnerships could be a good means for financing construction
and maintaining the new functions.

The non-governmental sector is embodied by residents of the
city of Hanover, citizen organisations and other action groups.
Their early inclusion not only in the decision-making process
but also in the urban design process is crucial to balance their
demands and interests by dialogue mechanisms (BFN 2017:
14; UN-HasitaT 2015: 1). Local knowledge is necessarily offering
the intermediary between stakeholders to plan for uncertainties
(Km & Lim 2016: 6; KLein et al. 2017: 35). Additionally, the
involvement of citizens at different planning stages fosters public
acceptance for interventions (GReenspace 2005 in KLEEREKOPER
etal. 2012: 32). Moreover, the authors expect that the integration
of residents increases the participants’ internal capacities to
act, understand and be responsible for their environment and
its vulnerabilities. Such a process equally supports the creation
of social capital by interacting with a variety of stakeholders
in an integrated way. Eventually, the first step towards social
resilience can be taken by broad participatory measures in a
bottom-up approach. The actual urban planning process should
go beyond formal instruments to achieve common targets (BFN
2017: 24).
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Recommenda-
tion

Apart from the urban planning process, the latter maintenance
of the implemented green infrastructures should be considered
as a mutual task between various actors. Here again, a strong
collaboration between the responsible departments such as
urban planning, environmental and landscape departments can
facilitate these tasks. A successful planning process may also
encourage other actors such as citizens or private companies
to take responsibility for the implemented measures. Urban
gardening in public space could indicate one solution, supported
by companies’ activities for corporate social responsibility. The
development of social capital by such offers must neither be
underestimated nor be undermined.

The above-presented concept already indicates that urban re-
silience can only be implemented using an integrated devel-
opment approach. However, the authors found that the city
of Hanover does not yet provide an optimal-sized strategy for
managing climate resilience in an urban context. As there is not
a one-size model of implementation, the authors recommend
the introduction of a resilience concept into the city and regional
policies and guidelines for promoting coping with transforma-
tion proactively. The necessity for a comprehensive resilience
strategy is emphasised in the light that the recognition of resil-
ience contributes to long-term urban sustainability. Despite the
current incentives for green roofs (LANDESHAUPTSTADT HANNOVER
2019: www), it is recommended to foster the implementation
of greening measures on facades. Stronger limitations for the
use of radiating building materials on facades are needed re-
garding the decrease of urban air temperatures. Enhancing ur-
ban resilience in terms of upgrading the urban structure may
be one step. Nevertheless, the social component must not be
forgotten as outlining policy proposals only may be too weak.
Therefore, it is recommended to also focus on enabling locals’
social capacities of coping and adapting. It is highly important
to foster the creation of social capital by providing opportunities
for the inhabitants of the city to gather and exchange. By do-
ing so, awareness for urban stress rises and responsibility for
transformation towards urban resilience. Innovative changes
towards resiliency can only arise from local governments ability
to design comprehensive resilience policies with the influence
of numerous stakeholders.
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Moreover, a quantitative and qualitative monitoring system is
needed for measuring the effectiveness of the proposed meas-
ures. As part of that, the authors propose the development of
a smartphone application for informing people about stresses
and risks and offering a possibility to a reliable exchange with
public authorities. By that, useful information can be collected
contributing to an efficient information base - for actors and
concerned citizens or visitors. The limiting accessibility of a
smartphone app could possibly be overcome by installing infor-
mation and interaction monitors at public spaces. Despite high
costs for implementation and maintenance, the authors stress

the importance of such a system.

This research paper presents itself as a pro-active approach to
making a district more resilient against the coming challenges
of heat islands. As with the main issue of dealing with the spe-
cific area of Opernplatz and the surrounding streets and quar-
ters, the results of climate change will make this well-built city
area less and less productive.

Within the analysis, the area is shown to be distinct for the
emergence of urban heat islands which requires a scaled ap-
proach to addressing these issues. The masterplan proposal
outlines a direct result of the analysis, connecting the main trav-
el hubs, i.e. Kropcke, Hauptbahnhof and Aegidientorplatz, to
the eastern areas of the study site, reducing the need for car
travel and greatly improving the quality of street spaces in and
around the study area.

Flexibility always characterises an important element of urban
resilience. This is put into practice as the areas referred to in
the masterplan proposal reflect multifunctional spaces, directly
and indirectly, effecting users of the areas. As usability of the
spaces is maintained and improved, the areas become valua-
ble to the public and other user groups, greatly improving the
social resilience of people.

Moreover, a holistic urban governance process was outlined as
key for successful implementations. Lastly, the authors formu-
lated a brief recommendation for the municipality of Hanover,
including the need for a monitoring system to measure effec-
tiveness as well as a possible information system for citizens.

Conclusion



4

Tr-Island - Combating Urban Heat Islands in the City Centre in Hanover

Bibliography

Avis, W.R., 2016: Urban Governance (Topic Guide). Birmingham, UK: GSDRC. Birmingham:
University of Birmingham.

BunpesamT FUR NATURscHUTZ (BFN), 2017: Urbane Grine Infrastruktur. Grundlage fur attraktive
und zukunftsfahige Stadte. Hinweise fur die kommunale Praxis. Bonn.

BUNDESMINISTERIUM FUR UMWELT, NATURSCHUTZ, BAU UND REAKTORSICHERHEIT (BMUB), 2015: Griin in
der Stadt — Firr eine lebenswerte Zukunft. Griinbuch Stadtgrin.

INsTITUT FUR UMwELTPLANUNG (IUP), 2019: HeKriS Summer School in Hannover, 22nd - 26th July
2019. Introduction Lecture by Dr. Frank Scholles, Filip Snieg, Lena Greinke, 22.07.2019.

KersHaw, T., 2017: Climate Change Resilience in the Urban Environment. Bristol: IOP Publish-
ing.

KLEEREKOPER, L., VAN EscH, M. & BALDIRI SALcEDO, T., 2012: How to make a city climate-proof, ad-
dressing the urban heat island effect. Resources, Conservation and Recycling 64, 30-38.

KLe, B., Koenig, R. & Schmitt, G., 2017: Managing Urban Resilience. Stream Processing Plat-
form for Responsive Cities, Informatik Spektrum 40 (1), 35-45.

Kim, D. & Lim, U., 2016: Urban Resilience in Climate Change Adaptation: A Conceptual Frame-
work, Sustainability 8 (405), https://doi.org/10.3390/su8040405.

LANDESHAUPTSTADT HANNOVER, 2011: Hannover City 2020+. Das Konzept. Hannover.

LANDESHAUPTSTADT HANNOVER, 2019: Dachbegriinung und Photovoltaik. https://www.hannover.de/
content/download/549864/12532622/file/Information+Dachbegr%C3%BCnung+und+-
Photovoltaik+2019.pdf, last accessed: 23.07.2019.

LeicHeNKO, R., 2011: Climate change and urban resilience, Environmental Sustainability 3, 164-
168.

OuazaBAL, M., CHELLERI, L. & SHARIFI, A., 2018: Is Connectivity a Desirable Property in Urban Re-
silience Assessments? Resilience-Oriented Urban Planning. Theoretical and Empirical
Insights 65, 195-212.

SchmipT, D., 2019: The City under Climate Change. The Adaptation Strategy for the City of Han-
over. Presentation on 24.07.2019, Leibniz University Hanover.

SHARIFI, A. & YAMAGATA, Y. (eds): Resilience-Oriented Urban Planning: Theoretical and Empirical
Insights, Springer International Publishing.

SHARIFI, A. & YAMAGATA, Y., 2018: Resilience-Oriented Urban Planning, Resilience-Oriented Ur-
ban Planning: Theoretical and Empirical Insights 65, 3-28.

StanGL, P., 2018: Prospects for Urban Morphology in Resilience Assessment, Resilience-Orient-
ed Urban Planning: Theoretical and Empirical Insights 65, 181-194.

TonNEwck, A.E.G., LANGENER, M., KATZSCHNER, L., HorFrmann, M.H.A., YLI-PeELkoNEN, V., BrAck, F.,
ScHARF, B., Maas, J., ManusseT, S. & STigspoTTeR, U.K., n.d.: Urbanes Griin. Fir ein
besseres Leben in Stadten. In: Stiftung Die GRUNE STADT (ed.): Urbanes Griin. Fir ein
besseres Leben in Stadten, Dusseldorf.

UN-Hagitat, 2015: Urban governance. (Habitat Il Issue Paper 6). Nairobi: UN-Habitat.









2. HannOVER Heat -
Steintor’s heat islands

Anna Rizou

Leibniz University Hannover
https://doi.org/10.15488/6756

Abstract

The expanses of climate change are diverse and several. Cities
are facing the impacts of global warming and need to adapt
to these changes. Like most cities, Hannover is also affected
by the results of climate change. Areas in the city centre, like
Steintor, are profoundly influenced by higher temperatures
compared to non-urban areas, which disturb the district’s func-
tionality. This paper is analysing the existing phenomenon of
heat islands in Steintor and the surrounding areas by suggest-
ing different level solutions in order to defuse this challenge.
The identification of the existing weaknesses and opportunities
of the district led to the development of a strategic concept for
the area. In order to achieve a more integrated response, the
suggested ideas include proposals of governance as also more
operative solutions; like the enforcement of the existing vege-
tation, the creation of shading and the unsealing of pavements.
These solutions were implemented separately or combined in
the district of Steintor and the surrounding area.
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1. Introduction

Climate change has been a topic of rising importance for the
world in the past four decades (BurkeLey 2013: 5). The impacts
of global warming are becoming more and more visible in all
continents, and especially in more urban districts.

It is believed that climate change is today’s greatest threat
faced by societies. Urban areas appear to be firstly and mostly
affected by the results of global warming (WHiTe et al. 2005).
According to the DEPARTMENT OF EcoNOMIC AND SociAL AFFAIRS OF
THE UNITED NaTions (2014: www), the world’s population is con-
tinuously increasing with about half of it living in urban areas.
This increase has as a result that the needs of these densely
populated cities rise rapidly, partly leading to lack of sustainabil-
ity in their development (ibid.). Therefore, these areas become
less resilient to upcoming threats that are connected to climate
change.

The impacts of climate change are of a wide range, but for the
societies they are mostly visible on two different levels; firstly,
in the rising number of health problems faced by the population
which are linked to the changing climate conditions (EEA 2016:
11f), and secondly, through the multiple chain reactions caused
by global warming as rising sea level which result in problems
that influence the functionality of cities (GLoBALCHANGE.GOV Nn.d.:
WWw).

The kind of impacts that every city experiences are the con-
ditional factors of history, geography, economy and society of
each city (BukeLey 2013: 7). Therefore, different cities are not
experiencing the results of climate change in the same man-
ner. However, some patterns can still be identified regarding
the type of impacts a city-group faces. For instance, coastal
areas tend to be more affected by results as flooding (NATIONAL
GeocraPHIC 2019: www) as, on the other hand, densely pop-
ulated urban areas face problems related to heat islands (AL-
vArRez 2013), and air pollution (EEA 2016). Nonetheless, there
are also cases where a city may face multiple challenges. One
such case is the city of Hannover.



Hannover is dealing both with the problem of flooding, due to its
closeness to sore located areas, as well as with heat islands,
especially in the city centre. Although the problem of flooding
has been a well-known problem for many districts of the city
(Reclon HanNovER 2013: www; NIEDERSACHSISCHES MINISTERIUM
FUR UMWELT, ENERGIE, BAUEN UND KLiMAascHUTZ 2019: www), heat
islands are a more recently added challenge (DeutscHerR WET-
TERDIENST 2019: www).

The global warming-related heat islands, in the centre of Han-
nover, decisively affect the quality of the region’s core. Further-
more, it is expected that the problem will become more intense
in the next years. Therefore, it can be said that heat islands ap-
pear to be one of the most significant challenges faced (at least)
in the city centre (BAverRIscHER RuNDFUNK 2019: www; DEUTSCHER
WETTERDIENST 2019: www; REGIoN HANNOVER 2017: www).

Areas in the centre that are densely built with lacking vegetation
and shading appear to suffer the most from the phenomenon
of heat islands (BAveriscHER RuNDFUNk 2019: www; DEUTSCHER
WETTERDIENST 2019: www). One of the most central areas of
Hannover that is profoundly affected is the district of Steintor
and its surrounding areas (RecioN HAaNNOVER 2017: www; HAN-
NOVERSCHE ALLGEMEINE ZEITUNG 2019: www).

Steintor is one of the most famous areas of Hannover city; it is
located in the north-western part of the city centre (see Figure
1). Steintor is a very vibrant area by combining opposites, like
residential areas, the old city part and different kind of enterpris-
es. However, this district is increasingly suffering from the rising
temperatures in the summer months (ibid.).

Fig. 1. Depiction of Steintor and the main areas (own depiction (Data
Source: GoogLe EArTH 2019: www))
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3. Perception of
heat islands in
Hannover

3.1 Action taken

150

by the respon-
sible authorities

In the purpose of analysing this profoundly affected central area
as also some surrounding areas of Steintor, in terms of heat
islands, different methods and steps were used. The first used
method was a qualitative analysis of the existing measures tak-
en by the responsible authorities for the governance of heat
islands. In the next step, in situ data was collected, followed by
a SWOT analysis. In order to display the collected data, maps
depicting the affected area were created. Finally, with the help
of further qualitative analysis, suggestions were composed to
help to respond to the problem of heat islands in Steintor and
its next by located districts.

The qualitative analysis of the action taken by the responsible
authorities showed that the importance of this steadily upcom-
ing threat had been recognised. The authorities tried to adopt
measures to contempt the problem resulting from rising global
warming levels, both on the federal state as on city level.

The regional authority of Hannover has been very active re-
garding the phenomenon of climate change by releasing mul-
tiple action strategies through the years, as by analysing the
problems and the existing conditions and promoting changes
(STate CaPITAL HANNOVER 2012; State CariTAL HANNOVER 2018).
The authorities recognised that in order to contempt the im-
pacts of global warming successfully, multiple parties have to
work together. There appear to be three essential teams that
need to participate in the process; the administration, the scien-
tific community and finally, the economy/companies’ level (STaTe
CapiTaL HanNovER 2018: 9). These three parties are originating
both from the region and the city. The two authorities of Han-
nover, region and city, are trying to face the challenges related
to global warming by making use of different kind of tools. On
the one hand, the regional authorities, with the Climate Protec-
tion Agency, aim to create more general frameworks and pro-
vide a more global analysis of the phenomenon in the area. On
the other hand, the city authorities, with their Climate Control
Department, focus on solving the problems on a microscale lev-
el though introducing more direct measures, like increasing the
energy standards for new buildings and creating more green
surfaces (LANDESHAUPTSTADT HANNOVER 2012; STATE CAPITAL HAN-
NOVER 2012; STaTE CAPITAL HANNOVER 2018).



Nonetheless, one of the most important plans created to re-
strain the impacts of climate change in the city is the Master-
plan, which was created by the city of Hannover in cooperation
with the regional authorities (LANDESHAUPTSTADT HANNOVER 2012;
State CAPITAL HANNOVER 2018). The Masterplan brought togeth-
er scientists and experts from different sectors and targeted to
create measures by launching the Action Programme.

The Action Plan contains different acts against the impacts of
global warming in Hannover. These measures can be catego-
rised into three types. Firstly, measures that are taken on the
planning level, such as Climate-appropriate Town Planning &
Construction and Specific Map Climate Adaptation. Second-
ly, by raising the awareness of the public. Finally, with more
specifically directed measures as creating flood protection and
preventive soil & groundwater, greening roofs, managing rain-
water, and planting climate-appropriate vegetation (ScHmiDT
2019: 14).

The Action Plan is simultaneously combining the strategic and
operative level. The implementation of those measures can al-
leviate the problems arising from climate change in Hannover,
both short- and long-term. The exact type of measures and the
way of implementing those has to be defined in every case dif-
ferently since the specifications of each area have to be taken
into consideration.

Hence, in the case of Steintor and its surroundings, the adapted
measures have to comply to its needs. However, there appear
to be some main concepts in the Action Plan that are able to
contribute significantly in the efforts to offer some relief to the
district, and generally the city centre (SchmipT 2019: 14ff).
These strategies can be summarised in unsealing areas and
restoring the natural soil by also bringing natural elements into
the scene, creating shading, and enforcing with climate-appro-
priate vegetation (ibid.).

The in-situ data collection revealed that the areas, of Steintor
and its surroundings, are “divided” in different sub-areas. This
separation is enforced by the different functions that seem to
exist in each sector. Four main categories of functions can be
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3.2 Weaknesses
and strengths of
the examined
area
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identified in the examined district (see Figure 2); the shopping
area (depicted in pink colour), the office area (in purple), the
residence area (in green) and lastly one of the most infamous
areas in Hannover (yellow).

Fig. 2. Depiction of the sub-are- Fig. 3. lllustration of the most Fig. 4.lllustration of the pedestri-

as of Steintor (own depiction vulnerable areas of Steintor an flow in the district of Steintor
(Data Source: Capbmarrer 2019:  (own depiction (Data Source:  (own depiction (Data Source:
www)) CADMAPPER 2019: www)) CADMAPPER 2019: www)

The sub-area depicted in pink colour, shopping area, connects
to the central station on the north-eastern part (see Figure 2).
The shopping-area includes big malls as the Ernst-August
Galerie in the north and other smaller malls and stores. The
shopping area is composed mostly of more modern buildings
as the above-mentioned big mall. This composition, however,
has also some negatives since these building’s facades con-
sist mostly of glass which reflects the sunlight and causes the
increase of the temperature of the nearby ground level. Fur-
thermore, most of the pedestrian streets in this area are sealed,
which causes further rising of the ground and air temperature
(Epmonbson et al. 2016).

Vegetation also appears to be almost wholly lacking in Steintor.
The people flow in this part of the centre is one of the highest
of Steintor (see Figure 4; thick red line), the Kurt-Schumach-
er-Stra3e connects the two most central spots of the city cen-
tre, the central station plaza and the Krépcke plaza (see Figure
1). The phenomenon of heat islands was strongly noticeable
in these two plazas through the enormous scale of the surface
combined with missing shading.



The purple depicted area hosts offices and commercial are-
as. Some supermarkets and hotels can also be found in this
sub-area (see Figure 2). Comparable to the shopping’s district,
the pavement is mostly sealed, and vegetation is missing (see
Figure 3). However, the pedestrian flow is not as high as re-
ferred to in the shopping area. Trams and buses are crossing
this area; vehicles are also prohibited (thin red line).

One of the most interesting spots of this district is the Steintor
plaza (in the south-western part of the examined area) (see
Figure 1). The Steintor plaza is the landmark of Steintor. This
square is mostly sealed through a stone road, some vegeta-
tion exists, moreover, a strong people flow was noticeable.The
green illustrated area includes mostly residentials. Cafés, res-
taurants and also some small stores can be found in the area
(see Figure 2). The most significant characteristic of this district
is the old city. This district indicates great contrasts in the types
of buildings. New buildings with green yards coexist thus with
older structures in the narrow stone-paved streets. Differences
can also be seen in the vegetation; some streets lack it entirely,
although, others are above average. Lack of shading is also
one main problem in some streets, like the Schmiedestralle
and the Marktplatz (see Figure 1; Figure 3). The observed peo-
ple flow in this area is also not profoundly high (see Figure 4).

Lastly, the yellow depicted area
is a rather infamous area of Han-
nover (see Figure 2). This district

Fig. 5. Depiction of the potentials
of Steintor (own depiction (Data
Source: Capbmaprper 2019: www))
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4. Governance
of heat islands
4.1 Strategic
and operative
level

The development of those could contribute to addressing the
heat island phenomenon in this district. The identified potentials
can be categorised into two; the buildings’ flat roofs and the
existing vegetation (see Figure 5).

Flat roofs could mostly be seen in the shopping sub-district as
in the office sub-area. Some of these roofs have already been
greened, although further potential exists.

The existing vegetation, as seen in Figure 5, can hardly be
characterised as sufficient, especially in the bigger plazas as
Steintor, Marktkirche and Krépcke (see Figure 1). Nonetheless,
there are parts mainly in the residential sub-area, which can
be seen as an example of adequate greening. Moreover, the
Georgstrale has already some existing vegetation which can
be developed.

In order to achieve successful governance of heat islands in
Steintor and the surrounding areas, actions have to be taken
both on the strategic and operative level.The authorities’ pro-
moted measures that aim at restraining the impacts of climate
change. However, the implementation of those appears to be
partly inefficient due to two main facts; firstly because of the
very slowly proceeding of the implementation of those steps
and secondly because of the enormous time gap between the
strategies release (every four years).

The impacts of global warming are starting to escalate; they are
almost unpredictable, and changes in the world happen at a
rapid speed. A phenomenon like heatwaves has become more
than twice as likely as it would be without climate change (Car-
RINGTON 2018: www). Therefore, the adaptation to urban climate
change is a necessity. Although planning measures need more
time to be implemented and aim at long term solutions, they still
have to be more up to date; since the problems the city faced in
2012 are not the same as the ones in 2018. The faces of glob-
al warming change rapidly, and the authorities’ strategies have
the obligation also to do so for the wellbeing of their citizens.

Furthermore, an essential point that appears to be absent from
both the Strategies as well as the Action Plan are regulations



regarding the buildings in the heatwave zones. As analysed,
many of these buildings are covered with glass in their most
significant part, causing reflexion of solar radiation and the in-
crease of the ground temperature. The authorities should pro-
mote the design of buildings according to climatic zones since
their adaptations to the surrounding urban landscapes are re-
quired to manage a heat reduction (CARTER et al. 2015: 15ff).
Moreover, as already foreseen for pavements in the Action
Plan, similar directions regarding the colours are needed for
the buildings. Building materials have, in general, the tendency
to insult and absorb the heat; light coloured materials on the
surfaces are able to reflect rather than absorb a high proportion
of solar energy (Kuma 2012: www).

Undoubtedly, local administrations are struggling to face urban
climate change. In order to strengthen as to improve the out-
comes of these efforts, it is essential that higher levels of au-
thority contribute to those efforts. Germany has been one of the
first countries creating initiatives like the Klimazug, which aim to
create the needed knowledge background to tackle the impacts
of changing climate (CarTer et al. 2015: 1ff). However, it is still a
necessity that these programmes are created as a cooperation
between more countries in order to reduce sensitivity and to
build capacity for urban adaption.

Finally, cooling locations for citizens need to be created. Es-
pecially more vulnerable community members need access to
cooling locations that can provide relief from the extreme tem-
peratures.

In an effort to apply the proposed measures of the Action Plan
and also some further recommendations to reduce the heat is-
land effect in the districts around and in Steintor, a concept was
created. The main proposal includes the enforcement of the ex-
isting vegetation as also the addition of new one, the creation of
shading through mostly green elements and lastly the unseal-
ing of pavements (see Figure 6). Four central spots of these
districts have been chosen in order to apply these ideas; the
Krépcke-plaza, the Georgstralle, the Steintor-plaza and lastly
the Schmiedestralie.

Anna Rizou
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These chosen central areas of
Steintor and the surroundings are
all profoundly affected by heat- ‘
waves. However, it should be men- T3 :
tioned that the degree of exposure 7* g ""'
of these areas to heat islands is N
proportional to their infrastructure
(PaLomo 2018: www); meaning that
the chosen areas are not affected j
in the same extent or in the same 7"
way.

For instance, spatial characteristics
as the landcover and density of one
area strongly affect the intensity
of heatwaves in it (Avarez 2013).
Therefore, the need for anincrease riy ¢ jiustration of an extem-
in the resilience levels of each of porary paradigm of the con-
the chosen four areas differs. cept {own depiction)

Nevertheless, all four have some factors more or less in com-
mon which are; the sealed pavements, nearby prominent glass
facades, lacking vegetation, missing shading (combined in the
case of the plazas with their enormous scale) (see Figure 7).
The measures included in the concept for the examined dis-
trict have taken into consideration the particularities of each of
these four areas. The actions have been adjusted accordingly,
although, by still reflecting the primary principals of the con-
cept’s ideas.

Fig. 7. Example of a sealed pavement, lacking vegetation and shading in
the Markt-plaza which is located at the SchmiedestraBe (own depiction)



AYVd YVIANIT
avoy Mg

°
m
o
m
%
4
=
>
=
=
o
>
(S]

Aavoy NVIY1S3a3d

Fig. 8. lllustration of the new Georgstreet - sectional view (own depiction)

The first measures towards creating a more resilient city centre
district were set in the GeorgstralRe. The transformation con-
cept for this important street of the city includes partly unsealing
of the pavement and enforcement of the vegetation (see Figure
8; Figure 9).

The newly added pavement is planned to be of higher albedo
(higher solar reflectance) values compared to the conventio-
nally used paving. This characteristic of the new adding would
enable the draining of the water, which in case of heatwaves
would evaporate and lower the temperature of the pavement
(Musco 2016: 125f). Researches at Lawrence Berkeley Nati-
onal Laboratory have proven that an estimated 10% increase
in the amount of solar reflexion of the used pavements and
roofs is able to decrease the surface temperature up to seven
degrees; whereas an increase of 10-35% of reflectance of the
pavements would result in a drop of one degree in the air tem-
perature (Huser 2017).

Particular attention was given in maintaining the accessibility of
the area to all members of the community. Therefore, only the
central strip of pavement (between the trees) was unsealed.
The remaining two sides (left and right of the unsealed strip) are
preserved in the natural state.

Anna Rizou
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Fig. 9. llustration of the new Georgstreet - floor
plan (own depiction)
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Fig. 10. Depiction of the planned construction
for the Krépcke square (own depiction)

Furthermore, some vegetation as trees and
bushes were added to the scene (see Fig-
ure 8).

The principle of evapotranspiration was
used in the case of Kropcke. The created
concept for this plaza includes the creation
of a roof construction which will provide
shading to the square. The added element
is estimated to reduce the air temperature at
the ground level and create a more pleasant
atmosphere in the Kropcke-plaza. The used
construction is designed to be made out of
a light material which will absorb less heat
compared to other materials (like glass)
(see Figure 10). Other additions are not
planned for this spot since the square has
to remain accessible for events which take
place throughout the year.

A comparable construction is planned for
the SchmiedestralRe and the Markt - plaza.
Although, in this case, the roofing has been
planned to consist of vegetation (see Figure
11). As in the example of Kropcke, the con-
struction shall provide shading to mitigate
the problem of heatwaves in the area. Im-
plementing green infrastructure has shown
to reduce temperatures both of the ground
and the air. The vegetation stores and re-ra-
diates less heat compared to build materials
and building’s surfaces (ArRmson et al. 2012:
245ff; GiLL et al. 2007: 115; HaLL et al. 2012:
411ff); moreover it reduces the nearby air
temperatures also through evapotranspira-
tion (O'mALLEY et al. n.d.: www; BenebicT &
McwmaroN 2012; Musco 2016: 125f).
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Fig. 11. Depiction of the planned construction for the Markt-plaza (own depiction)

Lastly, the suggested concept for the Steintor plaza includes
the creation of a vertical green wall at the northwestern part of
the square. The aim of this construction is, on the one hand, to
reduce and cool the air, and on the other hand, to filter it from
the created emissions of the crossing street. Additionally, the
existing tree vegetation of the square has been reinforced in
order to create a more shaded surface (see Figure 12).

Fig. 12. Depiction of Steintor's green woli aindrfhie'oddiﬁd}wal vegefoﬁon (own depiction)
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5. Conclusion  This paper assessed the heat islands in the district of Steintor
and its surrounding areas by analysing the situation, qualitative
and in-situ. Heat islands are a rising threat for the centre of
Hannover affecting the quality of the city core. Furthermore, it
is expected that this problem will be intensified in the upcoming
periods, requiring immediate solutions.

Although authorities have proceeded in creating strategies to
relieve the effects of climate change, the results appear not to
be efficient enough. Therefore, the most important aspects of
critic in this paper are related to the governance of heat islands
by the authorities, and especially the Action Programme.

The proposed suggestions aim to improve the efficiency of the
existing measures. Moreover, the recommended practical ac-
tions target in improving the microclimate of Steintor and its
surrounding areas and relief from heatwaves. The main used
tools include the creation of shading, vegetation and alternative
types of pavements. These mitigating elements were chosen
due to their potential to generate cool spots. The suggested
measures aim to make improvements both on short- and long-
term basis.

As the research demonstrates, it is necessary that further in-
vestigation regarding the impacts of the changing urban climate
take place. The range of the different effects is still unknown
complicating the efforts to operationalise resilience within cities.
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Abstract

Heat islands as a modern urban phenomenal problem, is
caused not only by the construction and planning but also by
the behaviour of citizens. The paper discusses the issue focus-
ing on Raschplatz and its surroundings in Hanover, and uses
methods of literature review, site analysis and observation, ge-
ographical sketch to figure out the sources and causes of urban
degradation in this high-traffic commercial area. As a missing
link behind the main train station, the study area of Raschplatz
presents the traffic intersection point. Ecological methods and
physical remodelling are the primary measures of the renewal
design.
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1. Heat Island
Phenomenon in
Hanover

One of the most acknowledged impacts of urbanization are the
urban heat islands. These can be defined as city areas having
daytime temperature elevation in urban atmosphere, which can
go up to four till five degrees higher compared to surrounding
non-urbanised areas (Jones et al. 1990). In summertime, occa-
sional heat waves intensify the conditions, making it unbeara-
ble for its users and severely affect urban meteorology, environ-
ment, energy consumption and human health (Li et al. 2013).
Contrary to the common belief that the effect of the urban heat
islands remains in the atmosphere, it affects in fact also ground
surface temperature and the air near the surface, typically 1-2
meters above ground, where generally outdoor activities take
place (ibid.). In heat islands, the near-surface air temperature
becomes the hottest by collecting both direct and radiated heat
from the ground, affecting mostly human thermal comfort and
air quality. Urban atmospheric heat gain increases the demand
for additional energy consumption as well as harmful emission
(ibid.). This enhances the formation of smog due to air pol-
lutants like nitrogen oxides and volatile organic compounds
(BERKELEY LAB 2019: www). This phenomenon is more apparent
in areas with high density and tall buildings are frequent.

This paper discusses the situation of urban heat islands in the
city of Hanover in Germany and analyzes various factors re-
sponsible including urbanization, land use planning, urban can-
yons surrounded by tall buildings that trap the heat and act as a
heat pool, then surface and ground quality, traffic and transpor-
tation system, use of machinery and air-conditioning systems.
A range of observational and simulative researches have been
studied from micro to meso level about different strategies to
mitigate the impact of urban heat islands; such as emphasizing
on urban green infrastructure, use of water bodies, climatically
revise urban infrastructure and land use planning. The paper
also evaluates the transport-spatial crisis; impact and thermal
behaviour based on a specific heat island in the city and comes
with potential urban design concepts for the very site. It sums
up with a set of general recommendations, developed from the
study, in order to mitigate the adverseness of urban heat island
effects.
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Urban heat islands as the unintended anthropogenic climate
modification factors in cities, are expressed through artificially
elevated temperatures. The temperature differences between
urban and rural areas can occur on the ground, at the surface
and at various heights in the air (Yow 2007: 1227ff). Urbanised
regions are measured to be 3.3-4.4°C warmer than surrounding
rural areas (Stone & Robcers 2001: 186). Urban heat islands
have a negative impact on human comfort and health, energy
consumption, plants & animals and increase the effects of cli-
mate change (Yow 2007: 1237f). Responsible factors are main-
ly the constituents of the urban construction such as asphalt,
concrete, roofing tile but also the urban geometry and structure
such as the street orientation, height and density of buildings
(StonE & Robcers 2001: 187). The removing of vegetation and
instead sealing of the ground plays an important role as well as
the absence of water bodies. But also, weather conditions and
topography have to be considered (Yow 2007: 1236). The sub-
ject of urban heat islands is of growing importance because ur-
ban areas are expanding, especially in tropical, less developed
countries. The knowledge about how to cope with the problem
must be communicated to architects, engineers, planners and
citizens and shall be translated into intelligent urban design
(Yow 2007: 1227).

In this project, a literature review was used to build a basis of
knowledge on the topic itself: the problematics of heat islands
and how to cope with the challenges. Accordingly, the professi-
onal competence and ability could be increased, thus giving the
design proposal an academic background. The goal was to re-
view the accumulated knowledge and to learn from it. Therefo-
re, the research area and its major issues can be presented in a
more credible way. The direction of the research as well as the
development of the knowledge can be shown outlining the re-
levance of the research. By summarizing the status quo, it can
be demonstrated which questions remain and which hypothesis
and techniques are worth to develop further. Also new ideas
could be stimulated by the literature review (Neuman 2014: 126).

For the best possible new design concept for the study area,
it is important to understand and explore the conditions of the
square. For this purpose, it is indispensable to observe and

2. Empirical
Review of Mea-
sures

3. Methodolo-
gy: Site Analysis
and Observa-
tion



168

Coping with the heat island of Raschplatz & surroundings in Hanover, Germany

4. Analysis of
problematics in
Raschplatz area
in terms of heat

islands

4.1 Results of
site observation

record the current situation through site analysis and to filter
out the major conflict points. Site analysis is a method used in
architecture, engineering and urban design. The specific site
must be placed and understood in its proper geographical, in-
frastructural, political, historical and functional context. The re-
sult is usually presented in a graphical sketch which relates the
specific environmental information to the topography and built
neighborhood of the site. The outcome serves as a basis for
developing environment-related strategies in the upcoming de-
sign process (WHiTe 2004: 8ff). For this project, the site analysis
is seen as an adequate tool to understand the significance and
the context of Raschplatz in its built environment. Based on the
observation of both physical environment and social context in
the area, the site analysis aims to find out the main heat factors.
The resulting sketch was helpful for the future design concept.

However, in this project, only slight measures can be taken re-
garding the public function of this area. The observation and
site analysis are limited by the accessibility and cannot be in-
side of the building energy systems and transportation plan-
ning. Specific measurement according to these aspects should
be also considered.

The study area encompasses the area opposite to the central
train station (Hanover Hauptbahnhof), stretching to the Andre-
as Hermes Platz to reach the shopping street Lister Meile. It
includes an open square called Raschplatz, serves as the exit
plaza for rear side of the station. For the study, Raschplatz has
been acknowledged as an axis characterized by varying urban
fabric on both sides of the square.
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eilenriede
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herrenhausen gardens
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Fig. 1. Raschplatz: location (own depiction)

In the left side of the axis are the bus terminal, large parking
lots, hotels, supermarkets, offices and a few residences. The
land use is mixed and the urban texture is mixed and disordered
as well. The public buildings like administrative and offices are
mostly following the modern style with glass facades and high
rise, with little green space. On the other part, there are com-
paratively older buildings used as offices or residences. With
grid patterns in urban planning, the area has better walkability
and potential to use the streets as natural air-corridors. In the
center of the study area, as the connection to one of the three
exits of the main train station, Raschplatz is a hard and non-po-
rous paved square surrounded by high concrete buildings, in
which primarily bars, cinemas and casinos are located. The
square is divided into two levels: The first level is at the height
of the main station exit, the second part is one level lower. The
lower part of the square is intersected by the Raschplatzhoch-
stralRe, which creates a tunnel-like situation beneath. There is
also a big green chunk of area approximately 4.70 km? near
the research site, within 900 m, a mini forest or expansive city
park, called Eilenriede, featuring leafy walking paths, playing
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4.1.1 Heat fac-
tors related with
urban morpho-

logy

fields, ponds, playgrounds & cafes beside the music college of
Hanover. In spite of being in such close proximity, it barely has
any effect on the researched site, due to poor connectivity and
several vertical blockages.

The complex aggregation of uses and core traffic function of the
city have part of adverse consequences that subsequently lead
to the heat island phenomenon in this area. To summarize, this
paper distinguishes the causes of the heat islands related with
physical and socio-ecological content based on the study area
and analyzes them as follows.

i) Built structures and infrastructures

The main train station is located in the center of the study area,
therefore it has the largest impact on the site’s microclimate, in
accordance with surface and materials. The station building’s
surface is light coloured concrete and very little use of glass.
Compared to buildings in the west part of the axis, the buildings
are mostly used as offices, hotels and supermarkets, and more
or less constructed with glass surface. On the east part of the
area, buildings with old pattern were built with hard material
surface. Extensive use of glass surface can worsen the heat-
ing problem. The sunlight directly reflects on the glass surface
and radiates back to the atmosphere. Moreover, it increases
the surface temperature as well, where this reproduced heat
makes the situation more intense. Open spaces like Raschplatz
surrounded by tall buildings act as a heat pool on hot summer
days, as the reflected heat is trapped into the pit.

Based on the city map, the study area has high-density of
buildings compared to other areas in Hanover. Many of the
buildings are using modern energy system. The higher density
area is surrounding Raschplatz, with several commercial uses.
The distance between the buildings is not enough to act as a
buffer area. Later during the analysis, no stated legal regulation
could be found on proper set back area to be maintained be-
tween buildings. Though, there was a preconceived idea that
densely built buildings can refrain sunlight to reach the streets
and pavements, and keep it cool. But the idea worn out as the
buildings have been getting taller and days are becoming hot-
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ter. Rather high density creates more surfaces to absorb heat
and also interrupts airflow (STEELCONSTRUCTION.INFO n.d.: www).

An intriguing variation of heights can be found in the study
area. In general, Hanover is not known to have large number
of skyscrapers or tall buildings. There are a few, mostly locat-
ed in the business hubs accommodating banks, offices, ho-
tels etc. The study area is one of that. During the analysis, the
taller buildings have been identified, that have more than six
floors. Though six storey constructions are not conventional-
ly perceived as tall buildings, but this standard applies in the
case of Hanover since building heights are relatively low. The
tallest building in the studied site is 14 storey, surrounding the
aforementioned heat-spot Raschplatz. The impact of building
heights in the heat island effect is discussed in the following
chapter.

: ¥ I FEOE G %
i Bl % s / ‘ \ : oo e
Fig. 2. Raschplatz: hard concrete surface,' surrounded by Main train station
and other tall buildings, with extensive use of glass facade (own depiction)

ii) Planning

In terms of urban design, the study area is quite monotonous.
Whereas, Hanover is considered to be the greenest German
city with 11.36 per cent of the green surface cover (HANNOVER
MaRKETING UND Tourismus GmeH 2019: www), the study area has
little to none green surface. Though, the area consists of quite
a number of large to small squares or open spaces, mentionally
Raschplatz, ZOB (central bus station), Contipark parking space
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and just along with our study area Andreas-Hermes Platz. The
presence of vast open spaces may sound as a positive ele-
ment, however, all these surfaces are covered with hard mate-
rials, such as ceramic tiles, concrete blocks, asphalt. The roads
are mostly constructed by black asphalt. On the other hand, in
the old town area, a few streets are covered with cobblestones.
Soft paves cannot be found on the surface throughout the area.
Also, any water body, let alone artificial fountain does not exist
here.

Traditionally, according to the geographical position, Germany
tends to have longer winters than summers. Likewise, there is
extensive use of asphalt in hard paving rather than other hard
materials, as it absorbs more heat from the sun that can quickly
melt ice and snow. As the days are getting hotter, consequent-
ly asphalt paving softens in extreme heat (WoLF 2016: www).
Artificial surface covers such as concrete and asphalt absorb
heat all day long, and act as a giant heat reservoir. Sometimes
darker pavements and asphalt street absorb up to 80-95% of
sunlight (BErRkeLEY LAaB 2019: www). This intensifies the situation
in urban heat islands by releasing the heat back in local air,
warming the microclimate. About one-third of the whole urban
surface are hard, which radiates external heat and results in
heat island (Axsari et al. 1999). In worst-case scenario, it can
also raise the temperature of groundwater and stormwater run-
off, causing evaporation.

The thermal performance of a surface material does not only
depend on the ambient environmental factors such as sun-
light, wind, airflow and temperature; but also light-colored
ones, which means they ab surface temperature influenced by
its material properties, like temperature reflectance or albedo,
temperature absorbance (NCPTC & NCAT 2013). Dark color
materials generally have less solar reflectance values than
light-colored ones, which means they absorb more heat and
have higher surface temperatures during hot, sunny periods
when not shaded by trees or buildings (ibid.). The value of the
solar reflectance of asphalt is 0.04 to 0.16 lower than that of
concrete that means asphalt streets and paves are hotter and
contribute more to heat islands. The study area has some cob-
blestone streets having value of 0.53, cooler than other surface
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materials (PomeranTz et al. 2003). So, an approach to reducing
heat island absorption could be to consider different surface
materials for roads and pavements.

The study area is mostly used as a commercial district with the
main function business and transport. Green spaces are very
scarce, absence of green is more prominent in the west part of
the study area rather big parking lots and hard pave concrete
plazas can be found. The east part has a comparatively older
plan, where green can be found to some extent in building pla-
zas and courtyards, alongside streets and pedestrians. In the
analysis of the project ratio, the green and hard area ratio has
been calculated. The whole study area measures 25164.8 m2,
and total green covering area is 1973.6 m?; which is only 7.8%
of the total area. The scarcity of proper green space contributes
to increasing urban heat islands effect, as green surface does
not absorb heat from sunlight, rather holds water and keeps
premises cool. In the older part of the area, there are some big
trees alongside the streets providing shadow. These streets are
self evidently cooler and more comfortable than the neighbor-
ing ones.

s

B green space B hard concrete pavers
[ ] frees Bl cobblestone street

Fig. 3. study area map: green landscape, frees, hard paves and cobbles-
tone streets identified source (own depiction)
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According to the master plan of the city of Hanover, the railway
space in the hauptbahnhof (central train station) is used as a
main air-corridor for the neighboring area (LANDESHAUPTSTADT
Hannover 2017). Nonetheless, the wall besides the railway acts
as a barrier of the airflow. There is no obvious planned corridor
in the western part of the area, on the contrary the old style
grid pattern planning on the eastern part using the streets as
air-corridors. The wind going through the streets brings fresh
and cooling air in the area, and makes the block friendly to
walkers. The other edge of the area is a highway with a bridge,
and the high buildings standing by the edge cut the planned
airflow down. On the contrary, instead of possessing qualities of
air corridor by a street, at some point, erection of tall buildings
at the edge interrupts the flow and ventilation, and the street
becomes stagnant pit, only consuming heat from top.

The study area includes the main public traffic infrastructure
of the city, as the main train station, main bus terminal, bus
and tram stations. The big parking lots in the area causes more
frequent and increased car use here, making it unfriendly for
pedestrians to walk. Also, in north-east side, parallel to the cen-
tral station and alongside the study area, there is one of the
main vehicular roads, having heavy vehicular load all day long.
Moreover, it contains an elevated fly-over road. As a result, the
traffic situation and function are very complex here being one of
the busiest node and commuting points in the city. Higher con-
centration of different modes of traffic in this area contributes
to heat emission. This may remain trapped in poorly ventilat-
ed roadways and spaces with interrupted airflows, therefore it
turns to heat pools. Consequently, it will result in urban smog on
heat island (Louiza et al. 2015: 252ff).
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Fig. 4. Study area map of traffic infrastructure (own work)
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Fig. 5. Study area map of airfliow and air corridor (own work)

i) Land use plans 4.1.2 Socio-
The main functions of the area are offices, hotels, supermar-  ecological
kets, housing and public transportation. Based on the functions ~ factors related
lead to the attribute of this area as high-density, fast-speed and  fo heat island
super-mixture, the heat island effect is caused by the buildings

as well as people. More commercial land-use means more

use of air-conditioning and heavy machineries. It causes more

energy consumption and more waste heat emission (NoGrADY

2017: www). Around the study area, there are city parks, com-

munity center and shopping center.
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5. Design Con-
cept

However, the railway and highway act as barriers at the edge
of the area, and lead the area to a missing link behind the main
train station.

ii) User behaviours

The study area plays a role of a link between the area behind
the train station and the city centre. It is a corridor of transporta-
tion for both tourists and residents. The use rate of this area is
high and its attractiveness results in commercial infrastructure.
The Raschplatz is more used by homeless people as tempo-
rary shelter against the city regulations, which makes the con-
flicts of different social groups more complex.

The mobility behaviour of the user group in the study area
is also very impactful on the environment. The big parking lots
and underground parking space supply more opportunities for
car-users in the area. The public transportation of trains, buses
and trams would be the heat spots. Because of the complex
traffic situation, the area is not very friendly to the eco-trans-
portation, like biking, though having provisions for bike routes
and pedestrians. A big chunk of the area is office buildings, that
makes it busier during the peak office hours, especially in the
inner roads. The vicious cycle of heating from traffic pollutants
and emissions increasing the use of air conditioning, resultantly
emitting yet more heat and pollutants, eventually lead to urban
heat islands.

Analyzing and processing the most important aspects of the
effect of heat islands in the area, major design problems arose.
The urban tissue of the area, in the most part, was found con-
tributing and worsening the phenomenon of heat islands. Thus,
in order to face the problem, apart from environmentally wise
solutions - such as enhancement of green, creation of green
roofs and facades, etc. - changes in the design of the area
seemed necessary in the process of minimizing the heat island
effect.

More specifically, the whole area was intuitively separated into
three different sub-areas along the railway. Each of these ar-
eas was handled differently and different strategies were de-
veloped for each one, with greater attention paid to the central
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one, meaning Raschplatz. However, on the whole area, an en-
hancement of vegetation and the creation of new green spaces
is necessary, as the existing ones were found inadequate. For
the other two sub-areas, proposed measures are less drastic.
In the north-east area, where most of the higher buildings with
flat roofs are located, a lot of them are selected as potential
spots of green roofs. Where it is possible, the creation of green
facades is also suggested, as far as the orientation, the height
and the use of the building allow it. In the south-west area, al-
though the urban fabric is dense, the height of buildings does
not exceed the six floors.

Furthermore, most of them do not have a flat roof. As a conse-
quence, the flat-roof buildings are detected, in order to bear a
green roof and create a network of flat roofs.

On that part, there is also a great urban forest, in a very short
distance to the area of interest, that is, however, not really af-
fecting the microclimate as far as the heating problem is con-
cerned. In order to enhance this relationship, the creation of
multiple green corridors in strategic points is proposed, so that
the connection between the area and the nearby city park is
restored. This gesture is strengthened by the addition of some
green facades along the green corridors on buildings that can
support them.

However, the most important change that is proposed is on
the central point of the area, namely on Raschplatz, as well as
on Hauptbahnhof and Andreas-Hermes-Platz. In other words,
at the same time of configuring a strategy in order to face the
problem of heat islands, an upgrading of the junk space be-
hind Hauptbahnhof (central station) is attempted. This aim is
achieved through unification of this area with the commercial
street of Lister Meile. The elevated road is removed, so it ceas-
es to be a wind barrier, as well as a social limit. The pedestrian
movement is established on the ground level and it is facilitat-
ed through a continuous route/square which unites the two ,is-
lands®. At the same time, green roofs, green facades, trees and
vegetation on the square contribute to the problem of the heat
island, on that spot. The building at the north part of the square
becomes a landscape structure with a green roof. It constitutes
an infrastructure for cultural uses, taking, also, up the square
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for outdoor activities and events, giving life to the area. In this
way, the limit created by the elevated road, which had a part
in the problem of the heat island of the area, as well as the
isolation of the station, is removed, contributing finally in the
revalorisation of the space.

[ soft pave on ground level
[ Green roof

I Green connecting corridor

Fig. 6. Conceptual proposal in isometric view of the study area (own work)
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Fig. 7. Comparative conceptual proposal in section view of the study area (top-proposed, bottom-
existing) (own depiction)




Josh llah Islam, Yuxin Fei, Anastasia Dimitra Papaiosif, Evangelos Stampelos

In order to improve the current heat island situation of the Ra-
schplatz area, the following suggestions are made and de-
scribed in detail below:

Creation of green spaces

Vegetation has a positive impact on the climate of the city. Air-
flowing over green spaces adopts the characteristics of these
green spaces. The air gets purified, the humidity of the air in-
creases due to the evaporation of plants and the temperature
sinks. If the wind flow continues to move, heat affected sealed
areas will be cooled accordingly (LANDESHAUPTSTADT HANNOVER
2016: 23). Increasing of green spaces in cities contributes to
decrease in the urban surface and ambient temperatures and
mitigates the heat island effect (Santamouris 2014: 684). A
near-natural soil with an organic layer improves the city climate
due to its water retention function. The lower surface heating
of organic layers compared to sealed floors can reduce local
heat islands (LANDESHAUPTSTADT HANNOVER 2016: 20). It is thus
recommended to replace sealed areas with near-natural soil
wherever possible. In case the sealing cannot be removed, a
light-coloured sealing can reduce the heating-up of the floor
(albedo effect). However, a possible dazzling effect must be
considered (LANDESHAUPTSTADT HANNOVER 2016: 29). Large tree-
tops also influence the city climate. They have a cooling and
shade-providing function (LANDESHAUPTSTADT HANNOVER 2016:
23). Trees evaporate water through their leaves that keeps the
temperature cooler around the trees. Already six trees within
a 500 meter long and 10 meter large street canyon cause a
cooling of the air of 5°C in case of a hot summer day with 35°C
(LANDESHAUPTSTADT HANNOVER 2016: 24).

Roof greening

In densely populated and sealed areas, where there is limited
space for trees in the street, roofs are often the only area to de-
velop vegetation (LANDESHAUPTSTADT HaNNOVER 2016: 21). Roofs
provide an excellent space to apply mitigation techniques,
given that the cost is relatively low, while the corresponding
techniques are associated to important energy savings for the
buildings. Green or living roofs are partially or fully covered by
vegetation and a growing medium over a waterproofing mem-
brane. There are two main types of green roofs: Extensive roofs

6. Recommen-
dations
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which are light and are covered by a thin layer of vegetation
and intensive roofs which are heavier and can support small
trees and shrubs (Santamouris 2014: 683f). Usual pebble roofs
and black roof fabric will raise the temperature to 50°C up to
80°C. The maximum temperature on green roofs is only be-
tween 20°C and 25°C (LANDESHAUPTSTADT HANNOVER 2016: 15).
The greening of roofs reduces the heating-up of the building
in case of intensive insolation during summer and serves the
humidification of the surrounding air which leads to cooling of
the air in sealed city quarters and balances extreme tempera-
tures in the course of the year. In wintertime, it reduces the heat
loss of the building and thus the need to heat and thus CO,
emissions are reduced (LANDESHAUPTSTADT HANNOVER 2016: 21).
Additionally, it presents a habitat for insects and other animals
and raises the lifespan of the roof (LANDESHAUPTSTADT HANNOVER
2016: 13). It is recommended to do greening on roofs which
have a slope between 1 —5 ° as this is the easiest and cheapest
option (Bauber 2019: www). The City of Hanover takes over of
up to 1/3 of the costs for green roofs according to their existing
Promotional Programme of Fagade and Roof Greening.

Greening of vertical structures

The greening of facades has similar effects as the greening of
roofs: The greening has a positive influence on the thermic, air
hygienic and energy-saving potential of a building. The micro-
climate conditions of the building are improved, and extreme
temperature differences are balanced through the course of the
year. Also, the air quality will be improved because the plants
bundle dust and air pollutants. They provide habitats for urban
fauna and reduce noise pollution (LANDESHAUPTSTADT HANNOVER
2016: 28). Green facades reduce the local air temperature
about 0.8 — 1.3°C - depending on the kind of greening - com-
pared to usual non-green facades. 40-80% of the sunlight is
reflected - depending on the thickness of the vegetation (TU
DarmsTADT 2016: 15). Again, the City of Hanover would take
over of up to 1/3 of the costs for facade greening according to
their Promotional Programme for Fagcade and Roof Greening.

If a facade greening is not possible or not desired, the chang-
ing of the facade colour might be an alternative: light colours
of facades lead to a lower heating-up of single buildings itself
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and the city as a whole through to the albedo effect. Due to the
reflection of the light, the energy will not be absorbed by the
buildings. Dark material instead absorbs a lot of energy and
emit it successively to the close environment. The combination
of absorption, cold due to evaporation and reflection of insola-
tion reduces the thermal load on the building and thus the need
to cool down the building during summer (TU DarRmsTADT 2016:
12).

Another suggestion is the greening of the concrete pillars of the
elevated highway. This measure too will balance temperature
extremes throughout the year. Plants which survive the Ger-
man winter are preferred. The plants should not be self-climb-
ing as an uncontrolled expansion is not desired (HANNOVERSCHE
ALLGEMEINE ZEITUNG 2018: www).

Heat isolation of buildings

Apart from greening measures, a lot can be reached through an
improved heat isolation of buildings: first of all, the availability of
shade in and around the building should be considered. Thus, a
heating-up of the interior rooms can be reduced. Insolation can
be minimised through integrated shade dispensers such as ar-
cades, solar panel, pergolas and access balconies or physical
structures on facades and windows. A south orientation of the
main window front is preferred towards an east or west orienta-
tion because the vertical shining south sun implicates a lower
shading effort. Shade providing deciduous trees in front of the
buildings will provide shade in the summer and still enough light
during winter time due to their transparency (LANDESHAUPTSTADT
Hannover 2016: 26). Extensive glass architecture should be
avoided due to its energy inefficiency and heating-up during
summer. Apart from that, classical air conditioning with active
cooling should also be avoided due to the undesired side effect
of an additional heating-up of the city area. Instead, passive
measures such as a better heat isolation of the building, es-
pecially the roof and the reducing of inner heat sources such
as artificial lighting during the day, technical equipment, and
stand-by modus should be considered. This should be com-
bined with a night cooling in an optimal way (free ventilation
during the night) and shade-providing elements outside the
building (LANDESHAUPTSTADT HANNOVER 2016: 27).
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Creation of water surfaces

As a final recommendation, it is suggested to create water sur-
faces. In case of intervention in complex design or space scar-
city, even artificial fountains contribute to some extent. Water
fountains and moving water in general can contribute to local
cooling and humidification of the air, despite their high costs. A
cooling effect appears through evaporation of water. Stagnant
water should be avoided because of the negative side effects
such as mosquitoes and the risk of infections as well as the pro-
cess of rottenness on a sinking water level (LANDESHAUPTSTADT
HaNnNoVER 2016: 29).

Figure 8 shows how a part of the Raschplatz area looks today
and how it would look like if all recommended measures were
implemented:

{ \/\ 2 AN =~ s g 4 Aol eiors |
Fig. 8. comparative visualisation of a part of the Raschplatz (existing vs.
after implementation of recommended measures) (own depiction)
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Urban planning, as well as urban design and other types of
construction have extensive influence on the thermal behavior
of a city. The heat island problems result from the physical form
of the urban fabric but also from the planning processes. Like
in the researched case study, some of the core conflicts of the
area is traffic and infrastructure. The road network pattern, the
proportion of streets and open area in relation to its surround-
ings, but mostly the roads act as a source of pollution and heat
emission, has also impact on the thermal behavior of urban ar-
eas. This eventually leads to urban heat island phenomenon.

Dealing with the heat islands problem should be considered
from the beginning of the planning process, because the re-
newal strategies are usually hard to implement according to the
financial and social situation. Urban and construction policies
need to be revised with preference of white or light-colored sur-
faces, heat reflective materials, reforesting cities, developing
transport, and real changes in the behavior of future users of
transportation which will not be achieved without an approach
to promote the use of active and collective transportation. The
city should consider urban remodelling through masterplanning
combined with regulatory measures to make sure that cooling
strategies like air-corridors are working well. For instance, the
subject area has failed to establish any proper environmentally
sustainable cooling strategy for not including this in the initial
planning process, resulting in high buildings and walls at the
edge, functioning as blockages. In the analysis and discussion,
it is evident that random unplanned areas significantly affect
the temperature. The accumulation of such type of growth and
increased urban density over the years contribute to worsen the
condition with further increase of temperature in the micro-cli-
mate. Urban heat island mitigation in the planning level reduces
the demand for artificial air conditioning as well as cooling en-
ergy use. For sustainable heat island prevention, it is particu-
larly important to characterise the urban surface according to
its material properties and vegetation potentials. The effect of
light-colored surfaces in roofs, walls and pavements and urban
greens from grassland to tall trees on the micro-climate and
air quality of the area needs to be estimated beforehand the
planning process. Accurate estimation of surface properties will
allow calculating the effect of the material’s albedo in potential

7. Conclusion
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increase of temperature. Besides, in the case of urban vege-
tation, the impact can be measured on heat island reduction
by ambient cooling. In the analysis of the site area, the role of
green areas is self-evident for keeping a cooler micro-climate.
This accentuates the importance of green and open areas in
urban context in order to alleviate the heat island phenome-
non. Besides more greens and water-face, the strategies like
eco-building material and eco-lifestyle need more empirical
studies. Thus, there is a need to combine all sectoral plans to-
gether to ensure the comprehensive benefits by making an en-
vironmentally friendly area and making an urban environment
resilient to climate change in the city center.

Finally, it is also discussed that the absence of necessary ur-
ban management laws and reluctance to maintain building
regulations for organizing urban areas have adverse effect in
the thermal properties and thermal performance of the area.
Consequently, poor urban design and management eventually
lead to urban heat island phenomenon, which does not only
affect human thermal comfort, but in a bigger picture contribute
to global warming.

Bibliography

AksARI H., Rosk L.S. & Tana H., 1999: Characterizing the fabric of the urban environment: A case
study of Sacramento, California, Lawrence Berkeley National Laboratory.

Bauper, 2019: Griindachsysteme - Allgemeine Planungshinweise, https://www.bauder.de/de/
gruendach/gruendach-grundlagen/allgemeine-planungshinweise.html, last accessed:
23.08.2019.

BEerkELEY LAB, 2019: Urban Heat Islands, Heat Island Group, Berkeley Lab, 2019, https://heatis-
land.lbl.gov/coolscience/urban-heat-islands, last accessed: 27. 08.2019.

HANNOVERSCHE ALLGEMEINE ZEITUNG, 2018: Stadt will Dachgarten mit Stegen verbinden, https://
www.haz.de/Hanover/Aus-der-Stadt/City-Hanover-Stadt-will-Dachgaerten-mit-Stegen- ,
last accessed: 23.08.2019.

HANNOVER MARKETING UND TourisMus GmBH, 2019: Hanover - The green city, press information,
Hanover Marketing und Tourismus GmbH - Visit Hanover, https://www.visit-hannover.
com/en/Press/Press-Information-sorted-by-topic/Hanover-The-green-ci ty, last ac-
cessed: 27.08.2019.

Jones, P. D., GroismaN, P.Y., CoucHLAN, M., PLummer, N., Wane, W.C. & KarL T.R., 1990: As-
sessment of Urbanization Effects in Time Series of Surface Air Temperature Over Land,
Nature, Nature Publishing Group (347) 6289, New York, NY : Macmillan Publishing Ltd.



Josh llah Islam, Yuxin Fei, Anastasia Dimitra Papaiosif, Evangelos Stampelos

LANDESHAUPTSTADT HANNOVER, 2016: Leben mit dem Klimawandel — Han-
over passt sich an. Schriftenreihe kommunaler Umweltschutz
— Heft 53. Hanover.

LANDESHAUPTSTADT HANNOVER, 2017: Stadtklimaanalyse Landeshaupt-
stadt Hanover - Klimaanalysekarte. Hanover: Landeshauptstadt
Hanover, Sachgebiet Umweltplanung und -management

Li, H., HArVEY, J., HoLLanD, T.J. & KavHaNiaN, M., 2013: The Use of Re-
flective and Permeable Pavements as a Potential Practice for
Heat Island Mitigation and Stormwater Management, Environ-
mental Research Letters (8)1, Bristol: IOP Publishing Ltd.

Louiza, H., Zeroual, A. & DuameL, H., 2015: Impact Of The Transport
On The Urban Heat Island, International Journal for Traffic and
Transport Engineering 5(3), 252-263.

Neuman, W.L., 2014: Social research methods - qualitative and quantita-
tive approaches, 7th edition. Harlow, Essex: Pearson Education
Limited.

NaTIONAL CoNCRETE PAVEMENT TecHNOLOGY CENTER (NCPTC) & NATION-
AL CENTER FoR AspPHALT TecHNnoLogY (NCAT), 2013: Quantifying
Pavement Albedo - Phase | Final Report: Literature Review and
Detailed Work Plan, Project No. DTFH61-12-C-00016, Wash-
ington, DC: Federal Highway Administration.

NoGrapy, B., 2017: Urban heat islands: cooling things down with trees,
green roads and fewer cars | Guardian Sustainable Business
| The Guardian, 20 Feb 2017, https://www.theguardian.com/
sustainable-business/2017/feb/21/urban-heat-islands-cooling-
things-down-with-trees-green-roads-and-fewer-cars, last ac-
cessed: 27.08.2019.

PomMERANTZ, M., AkBARI, H., CHANG, S.C., LEviINson, R.M. & Pon, B., 2003:
Examples of Cooler Reflective Streets for Urban Heat-Island
Mitigation: Portland Cement Concrete and Chip Seals. Berke-
ley, CA: Lawrence Berkeley National Laboratory.

SanTamouris, M., 2014: Cooling the cities — A review of reflective and
green roof mitigation technologies to fight heat island and im-
prove comfort in urban environments, Solar Energy 103, 682—
703.

STEELCONSTRUCTION.INFO, n.d.: Introduction, Thermal Mass, https:/
www.steelconstruction.info/Thermal_mass, last accessed:
27.08.2019.

StonE, J.R.B. & Robcers, M.O., 2001: Urban Form and Thermal Effi-
ciency - How the Design of Cities Influences the Urban Heat
Island Effect, Journal of the American Planning Association, 67
(2), 186-198.



186

Coping with the heat island of Raschplatz & surroundings in Hanover, Germany

TecHNiscHE UNIVERSITAT (TU) DarRmsTADT, 2016: Gutachten Fassadenbegriinung - Vorschlag fur
Zweck, Umfang und Gebietskulisse einer finanziellen Férderung von quartiersorienti-
erten Unterstitzungsansatzen von Fassadenbegrinungen. Darmstadt: Technische Uni-
versitat.

WHITE, E.T., 2004: Site Analysis: Diagramming Information for Architectural Design, Tallahassee,
Florida: Architectural Media Ltd.

Yow, D.M., 2007: Urban Heat Islands: Observations, Impacts, and Adaptation, Geography
Compass, 1 (6), 1227-1392.

Wolr, S., 2016: Asphalt Pavement Vs. Concrete - Which One Should You Choose? Asphalt
Paving Blog, Nov 29, 2016, https://www.wolfpaving.com/blog/bid/85737/asphalt-pave-
ment-vs-concrete-which-one-should-you- choose, last accessed: 27.08.2019.









4. Double Trouble

Paola Ayala, Hsin Ju Huang Georgios Kardaras Aikaterini Ninou
Leibniz University Hannover National Technical University of Athens
https://doi.org/10.15488/6758

Abstract

Maintaining the function of the systems and recovering from
shocks or chronic stresses is what, nowadays, refers to Urban
Resilience. Resilience is a term derived from the Latin verb
resilire, which means bounce. It was used as a synonym of
resistance in different contexts such as medical, psychological,
among others. However, since the 1980s, the concept of resil-
ience was mostly associated with the ecological field and re-
ferred to as the capability of dealing with catastrophes (Fooken
2016: 13ff; Voss & Dittver 2016: 179ff; Wink 2016: 1ff). Cur-
rently, it is a topic frequently discussed worldwide due to the
Anthropocene, which is aggravating climate change at an ac-
celerated pace. In this context, the term is used to emphasize
the constant symbiosis between humans and nature (PRomiNski
2014: 6ff). The approach of this paper tackles flood risks in a
specific neighborhood in the city of Hannover. For that matter,
historic events and actions implemented by the municipality, as
well as the study of data provided, will be mentioned in this doc-
ument. After going through a research and discussion phase,
the intention is to develop guidelines and propose design strat-
egies to address flood threats at the study case site.
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Nowadays, about half of the world population inhabit urban ar-
eas. By 2030, the projection rises this number close to 70%
(Unirep Nations 2018: www), representing a threat to natu-
ral ecosystems and the damage of natural terrains because
of construction. Thus, topics such as Urban Resilience and
Adaptive Cycle have become more critical issues to address
worldwide, mainly due to climate change. These concepts deal
precisely with that process of “bouncing back” of a city in differ-
ent contexts such as economic, social, environmental, among
others (Meerow et al. 2015: 38ff). As mentioned before, climate
change -natural shocks and stresses- is one of the risks a city
has to cope with. Particularly in this case study, the approach
focused on a flood risk area of a neighborhood in Hannover
called Sudstadt.

The city of Hannover is the capital of the federal state of Lower
Saxony, and it is home for approximately half a million citizens
(HANNOVER.DE 2019b: www). Its morphology is shaped by two
rivers that run through its extension: Leine and lhme. Leine has
around 281 kilometers long and flows across the whole region
passing through two big cities, Hannover and Géttingen, and
also through several towns. On the other hand, Ihme is relative-
ly small, around 6 kilometers long, and flows into the Leine river
in the center of Hannover. As for Stidstadt, it is located in the
southwest of the city center (see Figure 1), reachable in a short
time -5 to 15 minutes- by any public transportation or by foot.
Its western limit is the Masch lake, which is an artificial lake
built from 1934 to 1936 (Hannover.pe 2019c: www). Moreover,
the Leine river shapes its western border, and they have a con-
nection between each other. Worth to mention is also that this
neighborhood houses around 24 000 residences, making it the
second-largest residential area in the city. Furthermore, around
40% of these buildings were built before 1950 and less than 3%
since 1990 (LANDESHAUPTSTADT HANNOVER 2015: www).
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Hannover Siidstadt @ researcharea

Fig. 1. Location of Sudstadt (STS Hannover, 2017)

Flooding events have already occurred for a long time in Han-
nover; however, in February 1946 the worst of them was reg-
istered, turning into an unforgettable catastrophe in the history
of the city. On the one hand, there was a major rainfall, and on
the other, melted snow from the Harz National Park reached the
inner city. Both rivers and the lake were overflooded blocking a
large area of the city and 4,69 meters more than the average
height of the water level was registered on this event. One of
the collateral damages was the destruction of historical doc-
uments stored within the building of the state capital archive
(Muynek 2009: 301). In 1981 and 2003, other major flooding
events took place in Hannover, reaching again more than a
4-meter high water level in both of them. In 2003, another ca-
tastrophe occurred across Europe and the most severe damag-
es registered were in the south center of Germany. On the other
side, there were still vestiges from the major rainfall in Han-
nover flooding event, partly in the north of the city. After that, the
City Hall council agreed in 2006 to develop a prevention and
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contingency plan for flood areas protected by regional planning.
The potentially vulnerable areas are evaluated by the rate of
flooding events based on historical statistics. Furthermore, they
are divided into four categories: high (HQ25), medium (HQ100)
and low probability (HQ200), and extreme event (HQ extreme).
The numbers next to the acronyms represent how often an area
could be flooded. Consequently, the risk talks about events
happening once every 25, 100 or 200 years. The areas that fall
into any of the categories are registered as protected priority
zones in the Regional Planning Department. Moreover, there
are other prevention plans including the excavation of Ihme’s
ridge and the expansion of the Benno-Ohnesorg Bridge at the
Linden district. There are also combined strategies that con-
nect built protective measures, for example, from 2013 to 2014,
a levee was constructed in Ricklingen connecting it with the
protection walls nearby the district (HannoveER.DE 2019a: www).
Nonetheless, even after the construction of the measures men-
tioned above, there is still a probability that some protected ar-
eas overflood under major rainfalls, especially the south side of
the lake. However, it is worth to mention that the water level has
not reached 4-meter height again.

The goal of this case study is to develop strategies to address
flooding threats in Slidstadt, as mentioned above. The assigned
area has around 45 hectares, and before thinking about design-
ing, it was necessary to follow some processes to understand
the background, function, and constraints of the site. An es-
sential factor to consider for this analysis was the morphology
of the zone. In the same way, land use and connectivity were
important factors to be taken into consideration. The first step of
the analysis was a short field survey through the streets of the
area to build an opinion about it. Afterwards, that information
was complemented with data -mapping and statistics- collect-
ed from different sources, e.g., regional city planning, official
web pages and records from the previous flood events in Han-
nover. Furthermore, there was information provided by univer-
sity researchers and representatives of entities, who are either
involved or working with floods (prevention, theory, planning,
etc.). Subsequently, it was possible to have a general under-
standing and criterion of the analyzed zone. As a final phase,
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there were debates and discussions to propose guidelines for
the design of a Master Plan.

The visit through this neighborhood was on Monday afternoon,
therefore, the expectation of movement on the streets or in-
side the houses was low. Mainly, the research area is divided
into two uses: public buildings (red shades) and housing (grey
shades). Moreover, the residential use covers the majority of
the area of this site (see Figure 2). Buildings of private residenc-
es with garages below the street level were found as a common
denominator. The western border of the area faces the eastern
bank of the Masch lake and is configured by the Sprengel Mu-
seum (1) and the NDR broadcast (2). Next to it, there is the
lake’s parking lot (3). Following the path, directly in front of the
sidewalk is an open space - sort of a playground - and another
building of NDR broadcast (4) just behind it. Closing the corner,
there are offices of a children psycho-analysis facility (5) to be
found. In general, this border could be categorized as cultural
giving that also the lake promenade has a constant movement
of people in and around it. Besides that, every year it hosts a
summer festival (Maschseefest), which brings not only the at-
tention of Hannover inhabitants but also foreigners and visitors.
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Fig. 2. Land use (Base map source: HANNOVER.DE, OPEN
GEeopATA, 2019: www)
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Both lateral limits of the studied area are shaped by two two-
way avenues of significant importance in the city (see Figure
3): Rudolf von Bennigsen Ufer (1) and Hildesheimer Street (2).
Both streets have a four-lane avenue with a bus line, bike lane
on both sidewalks, and on Rudolf von Bennigsen Ufer there is
the lake promenade as mentioned before. The subway lines
one, two and eight travel through Hildesheimer Street and they
transport a large number of people. There is high traffic of ve-
hicles, and it is possible to find all sorts of commercial locals
on both sides of this avenue. On the other hand, the rest of
the streets within the site can be categorized as secondary
and even tertiary. Among them, parallel to Hildesheimer Street,
there is the Meter Street (3). Before the major flooding events
already mentioned, a tram line circulated through it and, for that
reason, it had to be moved to the avenue underground, and the
street prioritizes bikers now. Due to this change in the character
of the street, it was decided to close the north extreme of it.
When flooding happens, the first thing to consider would be the
reduction of traffic impact on the streets. Hildesheimer Street
would be on the priority to be protected and then the bank of
the lake, and the third protected area would be Meter Street.

@ ih taffc @ lowraffc (D

Fig. 3. Mobility (Base map source: HANNOVER.DE, OPEN
Geopata, 2019: www)
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Generally, the area is situated at a range between 48-63 meters
above sea level. The site nearby the bank is lower than the in-
land of the research area, and also there are two lower spots on
the Meter street. Looking at Figure 4, it can be noticed that most
of the potential flooding areas are naturally the ones almost at
the same height as the lake. This indication helps to recognize
the vulnerabilities in the morphology and, therefore, possible
intervention spaces.

N wwn (D)

Fig. 4. Topography (TOPOGRAPHIC-MAP, N.D.: WWW)

The material of the pavements is also an essential factor that
increases flood risks. Inside the sites in the research area, the
ground would be separated into two types: permeable and
non- permeable pavements (see Figure 5). As a result of the
investigation, it has been noticed that most of the residential ar-
eas are covered by a high percentage of green surfaces, which
have quite a high ability to absorb water in case of sudden rain-
fall. On the other hand, those non-permeable pavements are
sealed by concrete, for example, streets, the base structures of
buildings or parking spaces.
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. permeable ground ' concrete road concrete pavement @

Fig. 5. Soil typology (Base map source: HANNOVER.DE, OPeN GEODATA, 2019:
www)

The flooding risk map, published by the Hannover government,
shows the regular and under extreme events flooding areas
(see Figure 6). The red contours represent a medium flood risk
(HQ100), which means the areas could be overflooded once
every 100 years, as mentioned before. On the other side, the
blue contours show the flood-prone area under extreme events
and the flooding depth can also be seen on the map. Generally,
the areas at risk can be found in two specific zones of the site:
the first one along the banks of the Maschsee Lake, with an
average flooding depth between 0.75 to 1 meter, and only part-
ly could reach 2 meters. The second one is located between
Wiesen Street and Meter Street, and there the average flooding
depth is relatively shallow, from 0.5 to 1 meter.
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Fig. 6. Flooding risk areas (NIEDERSACHSISCHES MINISTERIUM FUR UMWELT, ENERGIE, BAUEN
UND KLIMASCHUTZ, N.Y.: WWW)

After collecting all the information necessary, at this point, it is
possible to establish guidelines that will constitute the base for
the Master Plan. It will compose the last section of the case
study and contains design strategies and measurements deal-
ing with flood risks. This plan will consider all the factors and
characteristics that configured the research area.

After the prior processes, it was clear that the area could be fac-
ing a double menace: heavy rainfall and overflood of the lake.
Giving that the site is designated as HQ100, the potential inter-
vention structuring should be capable of facing this long term
risk. On the other hand, short term measures should withstand
heavy rainfalls due to the higher probability of this occurrence.
With these premises, it was possible to identify two main axes
(see Figure 7) capable of facing flooding in case of an extreme
event. On one side, the coastal avenue (green shade) that
forms the division between the lake’s western border and the
city. Thus, it plays a vital role because it can delay the water

Configurating
axes as shields
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entering the residence zone in case the lake overfloods. As a
second axis, Meter Street (mustard shade) can function as a
collector of water in case of major rainfalls. Moreover, in case
the first axis can not hold the flood any longer, it becomes a
second layer delaying the water entering further into the city.

O

Fig. 7. Two axes (Own depiction)

As mentioned before, the decision was to create these two
fronts, which will shape the Master plan in this case study. They
have different characters, on the one hand, the coastal avenue
(green shade) comprises public buildings and open spaces.
Additionally, the closeness to the lake and its frequented prom-
enade turn this axis to a future cultural waterfront. On the other
hand, Meter Street, mostly surrounded by private properties
and some public spaces, turns to the inland axis in the Master
plan (see Figure 8). In both axes, it is proposed to configure
a two-layer drainage concept. That first one is a pipeline that
will be in charge of collecting water, but most of all, to channel
it through the canalization pipes. On the cultural axis -the Wa-
terfront- that line will travel along the lake promenade. On the
other side, the pipeline in the residential axis -the Inland- will
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have the same function, but the street soil will absorb the water
and drain it later through the sewage system. Secondly, it was
decided to propose a more organic strategy, which can also
improve the landscape of the zone. Both axes use open and
green spaces to create that second layer drainage through nat-
ural reservoirs. This strategy has an extra feature on the Inland,
to connect the open spaces across the axis.

Fig. 8. Master Plan (Own depiction)

The residential area of the Meter street is located 500 meters
away from the border of the lake and, as referred to in the
analysis section, it does not belong to the high-risk flood are-
as. That means flooding events do not exceed 1 meter higher
than the average levels, and they could take place due to sud-
den and intense rainfalls. As a circumstance, the roads can be
blocked, as well as pavements and public open spaces, not
only because unsealed surfaces can not absorb surface wa-
ter, but also because drains are sometimes not for evacuating
the excess of water. Therefore, as a complementary measure
of the city drainage system, water is driven to sealed ground,

The short term
measure: Inland
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which should have adequate capacity for absorption and then
its drainage through a sewage system. It is no coincidence
then, that the lowest parts of the area function as squares to-
day. Nevertheless, these spaces have not enough capability
of absorption, and this lends a substantial functional burden
onto them. For that reason, the design proposal is to implement
anti-flooding strategies to increase the resilience of the area,
towards the climate change that sooner or later will affect the
inhabited zones.

As it has already been mentioned, to avoid smaller floods,
which have to be quickly and silently stopped, the so-called
short term measures will be in charge of evacuating the over-
flooded areas.

Looking closer, the connection of the green spaces and the
public buildings of the old tram route, as it has been proposed
before in the Master plan, will have a meaningful impact on
the urban character of the area. For that matter, the proposal
is to establish a small cultural and public core that can simul-
taneously be a historic reminder - of the street as the primary
connection to the South - and bring a new character to this axis
within the residential district.

Specifically, the measures are going to be applied by the fol-
lowing actions:

As a main conceptual urban axis, the Meter street should be
unsealed and the material installed on that surface must be
permeable, which allows water to be absorbed by it and, si-
multaneously, be evacuated through the sewage system. At the
same time, this highlights the public character of the axis.
Moreover, the street becomes a low-velocity one, maintains
the current lane priority for bikes and hosts a broader path for
pedestrians. Additionally, there is the possibility that this axis
becomes the host for different types of public and collective
activities (flea markets, street concerts, cultural events, among
others). Besides the spatial connection, the intervention could
unify, promote interaction and interest of the residents and not
just of possible visitors.

As for the elements that shape this public lane, it is proposed
the re-design of the two playgrounds and the area in front of the
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Paulus church (see Figure 9), with the main purpose of giving
them a versatile function. The main idea for this measure will
be to save rainwater more than avoiding flooding, an inspiration
that relies on the concept described in the Water Square Ben-
themplein, designed by De Urbanisten in Rotterdam, Nether-
lands (De URBANISTEN n.d.: www)
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Fig. 9. Plan Inland (Own depiction)

For that matter, it is proposed the configuration of slopes in
the open spaces already mentioned before so that they can
be used with a double purpose.When the surface is dry, they
function as public spaces (stages, playgrounds, skate areas,
etc.). On the other hand, if a sudden rainfall occurs, they will
immediately become retention basins, containing and absorb-
ing surface water. Furthermore, when the rain stops, a drainage
system drives the water away from the basins at a controlled
pace to avoid overflooding the canalization, and the primary
function will be restored (see Figure 10). Finally, the material to
be used in these spaces will be the same as the one on Meter
Street to present them as an extension of the road.
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These urban interventions will have an enormous impact on the
area, which is why it is extremely important to take into consid-
eration all the factors that could be affected by them and, most
importantly, how they could adapt through time.

From this point of view, strategies used in this case study
should deal, not only with the resilience of the city towards cli-
mate change but also with the character of the surroundings
to prevent other kinds of problems such as functional, cultural,
issues of heritage, among others.

_ basin after sudden intense rainfall

_ drainage and restoring primary function

Fig. 10. Sections Inland (Own depiction)
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The aim of the long term measure is not only to deal with the  The long term
flood but to strengthen the natural and cultural dynamics of the =~ measure: Wa-
area. Spatially, the core idea is to divide the axis into three an-  ferfront
ti-flooding zones. The Maschsee lake represents the first buffer

zone, in the case of the overflood of the Leine river. However, if

besides the lake’s overflood there is an extreme weather event

(strong precipitation), probably, the lake would not be able to

contain the excess of water.

For that reason, to cope with this type of condition, it is pro-
posed the construction of a 0,5 meter- high natural slope, which
will surround the lake’s bank like a ring. In case those meas-
ures are still not enough to prevent the water from coming into
the residence area, the proposal is to create two anti-flood-
ing zones close to the Rudolf von Bennigsen-Ufer street (see
Figure 11).

1st zone 2nd zone 3rd zone

I

erture for drainage

*promenade (lower level)

‘ Maschsee lake permeable ground Rudolf von Benningsen Ufer

. designed landscape (reservoirs) . buildings @

Fig. 11. Plan Waterfront (Own depiction)
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The interventions in the first and second zone are slightly con-
nected, so it makes sense to present them together. The one
in the first zone aims to transform the existing conditions, from
a natural permeable border to a new strong wall of 0,4 me-
ter-high. The objective of this strategy is to stop water without
destroying the lake banks during a flood event. Moreover, dur-
ing the drying period, it will be like a bend that frames the prom-
enade and embellishes the site. Finally, the remaining water in
the first zone will run off naturally due to the permeability of the
ground.

The second zone will be an open gutter driving the overflooding
water to an underground tank (see Figure 12). The opening of
the gutter will be on the first zone wall, shaped by a double wall
aperture. The underground tank is circular with a 2-meter diam-
eter. Furthermore, the function that serves the second zone has
a double benefit. The first one is to trap the water in the tank if

Fig. 12. Gutter and underground tank (Own depiction)
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the first zone overflows. It will be driven away through the sew-
age system avoiding the flooding of the area, as it could happen
without the tank. The second one is that, even in case of a huge
overflow, when both zones are not enough to bear it, then it will
reduce the amount and speed of the water flowing into the city,
providing a time advantage to evacuate the area. Moreover, the
walls of the gutter separate the two anti-flooding zones and can
feature both of the promenades as recreational spaces, which
can also safely host cultural events, as it is already happening
every year in August with the summer festival Maschseefest.

For the last zone, the proposal, as mentioned in the Master
plan, is the formation of reservoirs across the Rudolf von Ben-
nigsen Ufer. After analyzing the land use in this area, it was
noticeable that there is enough free space, such as parking or
open spaces, to set these retention basins, which can retain
water in case of an extreme flooding event. The morphology of
this zone is the main advantage for the design measure giving
that it is at the lowest topographic level of the research area.
For that reason, water could naturally be driven there. Moreo-

_ stage 0/no flood

_ stage 2 / 2nd zone flooded

_ stage 3/ 3rd zone flooded

Fig. 13. Sections Waterfront (Own depiction)
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Conclusion

ver, the avenue separates the third zone from the first two. Thus
it is possible to use also that surface to collect water in case
of an extreme flood event. The assemblage of the Waterfront
zones creates an extension of the lake’s promenade, which in-
habitants and visitors can use as open spaces. The idea be-
yond the design is to create natural reservoirs with the same
function of the retention basins in the Inland axis. Their purpose
is to collect and absorb the rainwater and, when they are empty,
transform into recreational areas. Besides, they will be hosts
of a variety of flora and fauna enhancing the landscape of the
neighborhood.

As an overview, this case study focused on adjusting present
conditions to future circumstances and coping with possible nat-
ural disasters. Moreover, the proposal of organic strategies will
face not only flooding events, but also transform the character
of the neighborhood landscape. On the other hand, to increase
the resilience of an area, the design strategies encompass the
determinants from the previous analysis of the site. Giving that
the plan depicted in this document benefits inhabitants and the
city, it possible to think that the government can look at this
as an investment. Hence, the interventions could become pilot
projects or urban tools, which could be replicated in different
areas of the city with similar conditions or circumstances. Some
questionings emerge during the design phase of this research,
for example, while thinking about the conception of a cultural
axis as an extension of the lake’s promenade. How is the lake
border going to interact with the sidewalk across the street? Will
inhabitants use these public spaces, or will it become a residual
area? And, on a bigger scale, by implementing new land uses
in the site, would it affect its residential character? Everything
was taken into account while designing, and it was important to
collect diverse information from different profession fields to ac-
knowledge the urban structure of the research area and devel-
op the most pragmatic interventions. In other words, resilience
considers not only the climate but also the general transitions of
the urban structure and human life. Climate change is a reality
that will gradually be experienced in all cities worldwide and will
affect the urban structure, urban habits and, of course, the way
of living of the inhabitants. Sudden rainfalls, extreme amounts
of water falling from the sky to the sealed surfaces and overflow
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of the water bodies are probably going to influence everyday
life as we currently know it. Both natural phenomena may seem
like a threat today for the existing situation. Nevertheless, by
applying the strategies that have been proposed in this case
study and changing some of the standards, it is possible to cope
with the difficulties as a society and teach ourselves how to treat
better the source of life called Earth.
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Abstract

This paper explores how factors of flood resistance and resil-
ience are addressed within the development of an area in Rick-
lingen, a hydro-geologically vulnerable district in the southwest
of Hanover. The already existing dyke as a flood control and
resistance measure offers protection against fluvial floods but
does not offer protection for pluvial or flash floods and further
intensification of extreme weather events. In order to adapt
to climate change, this paper proposes the establishment of
ditches that relieve stress from the drainage system and ponds
and green roofs to evacuate intense rainfalls. The City of Han-
over has already established a transparent information base on
flood precaution, response and recovery and initiated a funding
programme for roof and facade greening and land reclamation.
In addition to these measures, this proposal foresees aware-
ness-raising campaigns, resilience meetings and supplemental
incentive schemes to encourage civil initiatives and actions such
as small retention basins on private property. Besides, the high
recreational value of the landscape should be further strength-
ened to support a close connection between people and nature.

n
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1. Infroduction  Since time immemorial, access to water supply, water-related
transport services, fertile soils and the charm of living near riv-
ers and coastal areas have led to extensive development in
regions at risk of flooding (OECD 2016: 12). In 2016, 50% of
natural catastrophes had been hydrological events (MunicH Re
2017: 54), and progressive climate change is expected to gen-
erate a further increase in the level of flood risk brought about
through rising sea levels, torrential rainfalls, storms and storm
surges (OECD 2016: 12). Using the example of a small area in
the German city of Hanover, this research explores the critical
factors of flood resistance and resilience and expands on the
question, how concrete protection and adaptation measures
can be adopted in urban landscapes and practical processes.
The area under investigation is situated in the district of Rick-
lingen in the southwest of Hanover (see Figure 1). Besides its
incorporation in 1920, the district has preserved some of its ru-
ral village character and rustic settlement structure. The river
Ihme, the nearby lakes, and the attractive landscape conser-
vation area surrounding it provide great potential for recreation
but can also pose flood risks to the local population (FipeELE

Dorp 2005: www).

In addition to the Ihme, the river Leine is crossing the city of
Hanover and flooding is a problem that has been around for a
considerable time. The importance of addressing this phenom-
enon has been recognized early on and already in 1449, a ditch
as a measure against the floods was mentioned in historic doc-
uments (ReGIoN UND LANDESHAUPTSTADT HANNOVER 2019c: www).
With progressive urban development and the attendant loss of
natural floodplains, the need for further protection measures
became inevitable which led to the establishment of special
precautions in forms of dykes and dams as well as a contin-
gency plan by the fire department and the municipal drainage
operation. Furthermore, the necessity for flood protection has
been incorporated on the administrative level and is being con-
sidered in urban land use planning of the city (ibid.). This paper
develops a number of additional measures in order to build a
solid foundation for continued protection and resilience in the

future.
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Fig. 1. The district Ricklingen in the southwest of Hanover (own depiction
based on LANDESHAUPTSTADT HANNOVER 2019: www; OPENSTREETMAP.ORG 2019: www)

Wettbergen

In the following chapter 2, the topic will be introduced in more
detail by outlining the concept and methodology on which this
research developed. Subsequently, chapter 3 provides insights
into the area under investigation situated in the district Rick-
lingen, introduces flood risks and already existing protection
measures. Based on the outcome of this analysis and based
on the findings of previous research and projects as provided in
chapter 2, a design proposal for flood resilience measures will
be presented (chapter 4) as well as governance mechanisms
that can be introduced into the political process to increase pri-
vate action and initiatives and can be promoted through incen-
tives such as tax breaks (chapter 4.3). Finally, in chapter 5, the
design and results of this research will be reflected, and some
concluding remarks will be given.

Amongst others, the British Natural Environment Research
Council proposes five types of flooding, i.e., coastal/ tidal, riv-
er/ fluvial, groundwater, surface water/ pluvial and flash floods
(Nerc & GiLLitano 2017: www). Thereby, coastal/ tidal floods
are associated with heavy storms and high tides that inundate

2. Contextuali-
sation

213
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coastal areas and protective levees and dykes, whereas rises
in the level of groundwater specifically endanger underground
infrastructure such as cellars and tunnels (ibid.). A fluvial flood
is caused by a river overflowing its banks due to heavy rainfall
or a thawing period, spreading large quantities of water over
its floodplain and especially in urban areas, the resulting dam-
age can be correspondingly extensive (ibid.). Surface water or
pluvial floods are associated with heavy rainfall resulting in an
overload of the drainage system. The problem is further inten-
sified by the predominance of impermeable grounds in cities,
which also offers optimum preconditions for flash floods that
can develop very rapidly and refers to a downflow of water and
respectively an inundation of subjacent areas (ibid.).

According to the Urban Flood Community of Practice, strate-
gies to address the challenges of flood risk should include reg-
ulatory, financial, economic and behavioural implementation
tools (UFCOP 2017: 9). On a regulatory level, building, zoning
and emergency plans can bring clarity and may be consulted
by the population in case of new construction or rebuilding
of houses. Appropriate insurance for (private) buildings and
ground in flood-prone areas is an essential factor for livelihood
security and should be supplemented by the provision of public
funding sources (ibid.). Awareness-raising and capacity build-
ing initiatives serve the purpose of establishing solid knowledge
and information and change public awareness and behaviour in
the long term - a process that can be accelerated significantly
utilising economic implementation tools such as tax incentives
(ibid.).

Within flood risk management, a distinction is being made be-
tween flood resistance and resilience. The latter can be meas-
ured by the ‘flood ability’ of a city, i.e., the capacity of a city
to maintain its overall functions (e.g., secure human subsist-
ence, economic performance and transport network) despite
flooding and, in case of damage, the speed of reconstruction
and rehabilitation of the city (Kuei-Hsien 2012). The focus of
resilient flood management strategies is on impact reduction
utilising prevention and preparation measures, whereas flood
resistance focuses in particular on the development of precau-
tionary measures to decrease the risk and danger of flooding
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(Gersonius et al. 2016). Thereby, measures that primarily serve
to control or resist floods, such as levees, dykes and dams, are
considered to only partially address the increased severity and
frequency of hydrological weather events (Kuei-Hsien 2012).

Methodology

The contextualisation of flooding and the associated risks, con-
cepts and strategies as outlined above, forms the theoretical
basis for the scope of this research. A thorough investigation
of the territory is essential to ensure appropriate outcomes. In
this sense, literature such as reports and articles, as well as
statistical data on the population, building structure and nature
of the terrain, were harnessed to portray the local conditions. A
GIS-based spatial analysis was compiled to provide an in-depth
overview of the territory and visualise different flood scenari-
os and display the already existing flood control measures. In
the context of this research project, several maps of the area
were made using the GIS-software ArcGIS 10.6.1 (chapter 3).
Furthermore, an urban stroll has been conducted by members
of the research team in July 2019 to gain a good overview of
the local opportunities and challenges. Following an explorative
approach and based on these findings and experiences, a de-
sign proposal for flood resilience on the survey site has been
developed and will be presented in chapter 4.

The study area is located in the urban district Ricklingen. It
does not cover all territory of urban district and has the size
of 0,80 km? while the area of the whole urban district is 4,78
km? (LANDESHAUPTSTADT HANNOVER: 102). The part of Ricklingen
where the survey took place is situated to the south of the
center of Hanover, close enough to the city border.

The river Ihme flows through the study area. It discharges into
the river Leine in the north-west of Hanover center. Leine runs
in the distance of no more than 1 km from the eastern bound-
ary of Ricklingen. To the west from the investigated territory,
the pond GrofR3er Ricklinger Teich lies between riverbed of Ihme
and Leine. It is one of gravel ponds Ricklinger Kiesteiche. They
were established in the place of gravel carriers. The study area
consists of a connectedly built-up zone and territory dominated
by woodland and grassland with few detached houses. Unde-

3. The Study
Area in Ricklin-
gen

215



216

Resi? Rick: Flood Resistance and Resilience in Ricklingen, Hanover (Germany)

veloped part lies within the floodplain of rivers Leine and Ihme
(ReGION UND LANDESHAUPTSTADT HANNOVER 2019b: www).

The most common building type in the investigated territory is
dwelling house. Apartment buildings differ from each other by
size and number of floors. In the western part of the built-up
zone within the study area, there are a lot of multi-apartment
houses mostly of three to five storeys. In the eastern part mul-
ti-storey brick houses with attics and few apartments are preva-
lent. Area without dwelling houses that is located close to river
Ihme is generally covered by forest or meadows. Few build-
ings, such as swimming pool with café and little outbuildings
(“Ricklinger Bad”) and the group of summer houses that are not
suitable for year-round residence, were constructed there. Al-
lotment garden houses are located between the river Ihme and
highway B65 which is the southern border of the study area. In
the opposite bank of the river from summer houses, adjacent to
the built-up zone, the cemetery Michaelis-Friedhof is situated.

Within the built-up zone, some houses that are higher than
surroundings on average are observed. The multi-apartment
building in the corner of streets Kneippweg (house numbers
1-7) and An der Bauerwiese (house numbers 11-17) has total
length of more than 300 meters, and some its sections have a
height of 12 storeys. Another example is multi-apartment build-
ing Stammestrasse 16 in the eastern part of the built-up zone.
This house of six storeys is surrounded mostly by buildings of
two to three storeys. In general, the building Kneippweg 1-7/An
der Bauerweise 11-17 is the only house that really stands out of
other constructions by size.

The part of Ricklingen described above faces the risk of flood-
ing due to the overflow of rivers Leine and Ihme. The headwater
of Leine is located in southern Harz mountains in Thuringia and
the source of lhme is situated in Deister chain of hills in Lower
Saxony to the west of Hanover. In springtime because of snow-
melt and increased precipitation, the water level of these rivers
grows significantly. That can lead to flooding.
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After the end of World War Il, Hanover faced with several flood-
ings. The most destructive one occurred in 1946 when the whole
investigated territory was flooded (Neue Presse 2012: www).
In 1954 the first dyke in Ricklingen was constructed (Recion
UND LANDESHAUPTSTADT HANNOVER 2019c¢: www). Less damaging
floodings were observed in 1981, 2003, 2007, 2013 and 2017
years (NIEDERSACHSISCHER LANDESBETRIEB FUR VWASSERWIRTSCHAFT,
KusTeEN- UND NATURSCHUTZ 2013: www; HANNOVERSCHE ALLGEMEINE
ZEITUNG 2017: www).

In Lower Saxony, three scenarios of flooding around the river-
bed of Leine were predicted. These scenarios are based either
on forecast or on statistics of the previous flooding. The sce-
nario HQ100 displays the freshet that occurs once in 100 years
statistically. HQ200 is the scenario of extremal flooding. HQ25
as the scenario of high probability displays the average level
of flood that occurs once in 25 years (see Figure 2). Map of
HQ100 displays approximate flood lines in 1946 (see Figure 3),

egend

[ ¥ L]
_ mArea boundary - mArea boundary
. Flood . Flood
boundary 7 boundary
Waterlevel % d Water level
0-05m 0-05m

>05-1m >05-1m
B --2m B2,
. 2 em ) . m
B - —

1 \ i 3, Ei0penstreetitap (and) conthby 8 2 v Sl A
Fig. 2. Study area in Ricklingen within the zone of Fig. 3. Study area in Ricklingen within the zone of
HQ25 flooding (own depiction based on Open- HQI00 flooding (own depiction based on Oren-
STREETMAP.ORG 2019: WwW; NIEDERSACHSISCHES MINISTERI-  STREETMAP.ORG 2019: WWW; NIEDERSACHSISCHES MINISTERI-
UM FUR UMWELT, ENERGIE, BAUEN UND KiimascHutz 2019b: UM FUR UMWELT, ENERGIE, BAUEN UND KumascHutz 2019b:
www) www) 27




218

Resi? Rick: Flood Resistance and Resilience in Ricklingen, Hanover (Germany)

egend during the history

o, of monitoring (Niep-

cosn ERSACHSISCHES MINIS-

>05-1m

Bm)im TERIUM  FUR  UMWELT,
.- ENERGIE, BAUEN UND
KumascHutz  2019a:
www). As can be
concluded from the
maps below, ac-
cording to HQ25
scenario only the
northern part of the
built-up zone within
the study area will be
flooded while follow-
ing HQ100 scenario
only its south-west-
ern part will not be
covered by water.

< Qe e Gelififloia
Fig. 4. Study area in Ricklingen within the zone
of HQ200 flooding (own depiction based on
OPENSTREETMAP.ORG  2019: WwW;  NIEDERSACHSISCHES
MINISTERIUM FUR UMWELT, ENERGIE, BAUEN UND KLIMASCHUTZ
2019b: www)

The dyke between the built-up zone and meadows is the
main object that protects Ricklingen from flooding. It firstly ap-
peared in 1954. During the last decade, it was reconstructed.
The renewed dyke Ricklinger Deich was inaugurated in 2018.
Ricklinger Deich is a fortified embankment with several gates
between its parts. Within the investigated territory, it lies in im-
mediate proximity from dwelling houses (see Figure 5). It has
three gates that can be closed before heavy flooding. In the
south of the study area, part of Ricklinger Deich is the wall
of the cemetery simultaneously. Objects that need strength-
ened protection of flooding are: 1) the chapel Edelhofkapelle,
the oldest church in Hannover which was built XIV century
(MICHAELISKIRCHENGEMEINDE  HANNOVER-RICKLINGEN  2015: www);
2) half-timbered houses that are more vulnerable to the influ-
ence of water due to features of their construction material; 3)
cemetery where the ptomaine may come up in case of strong
overflow.
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For the future of Ricklingen, a proposal was formed through the

following process. First, it was established as a vision through

a status survey for the flood resistance, which Ricklingen aims

to achieve in the long-term. A total of four principles were con-

ceived to apply the vision to the target area as follows:

1. Water storage space to accommodate sudden events with
heavy rainfall

2. The system that connects the flow of water from inside and
outside areas of the survey site

4. Design Pro-
posal for Flood
Resilience in
Ricklingen

, Hee Joe Lee
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3. Strategy applicable to individual buildings in the area
4. Application of multi-purpose recreation by an understanding
of the natural context

L

Fig. 6. Design and topography of the target area (own depiction)

Based on the direction of each principle, the measures suitable
for the target area are planned with specific action plans (see
Figure 6). The existing dyke in Ricklingen as flood control and
resistance measure offers protection against fluvial floods but
does not provide for flash floods and further intensification of
extreme weather events. For adapting to climate change, the
proposed measures include ponds at the inside and outside
areas, as well as, ditches that relieve stress from the drainage
system in the area. Besides, as individual strategies for private
and public perspectives, it can be considered planting works
on each building with a flat roof to evacuate intense rainfalls,
and the high recreational value of the landscape will be further
strengthened to support a close relationship between people
and nature in Ricklingen (see Figure 7).
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Fig. 7. Proposed measures and their location (own depiction)

Temporary Water Storage Space

Ricklingen’s contour level of the land is not much different from
the nearby lakes. For this reason, torrential rain could indeed
cause flooding problems in the investigated area. According to
the physical situation, the priority should be considered how to
cope with temporary events with torrential rain. Although there
are flood problems to consider in Ricklingen, drainage facilities
have been identified in the field survey to a general level that is
not as special as in any other region. Thus, plans are present-
ed to supplement existing facilities. One measure is to install
several ponds with basins inside and outside of the area. Each
pond temporarily stores rainwater during torrential rains and
splits it away after the rain stops or allows the water to be uti-
lised for such as cleaning and landscaping. Besides, rainwater
that suddenly swelled due to torrential rains is stored at various
locations at the same time, so that it is adequate to supplement
the drainage capacity to prevent flooding in the survey site. Es-
pecially since Ricklingen has a variety of allotment gardens, it
may be possible to consider using rainwater in conjunction with
the gardens.
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Fig. 8. Multipurpose playground and rainwater storage (ow depiction)

The location to install these ponds which are developed to re-
tention basins can be divided into the inside and outside area
of Ricklingen. First of all, it is possible to utilise the playground
spaces in the case of the inside area. Under general weath-
er conditions, playgrounds that are environmentally friendly as
children’s activity areas can be changed to open spaces for
effectively storing rainwater in urgent situations such as torren-
tial rain (see Figure 8). Through the field survey, a total of 6
playground spaces could be identified within the area, and if the
direction to be shared for the local residents’ private spaces is
given, more space of possibility will be expected in the future.
In the case of the outside area of the territory, the large-scale
landscape area, which has been neglected, could be used tem-
porarily as a facility for the low-lying area. Above all, this land-
scape area is located between the inside area and the lakes
nearby so that it is suitable as a buffer zone to control the mu-
tual effects of flooding.

Water Network System

As described before, Ricklingen’s drainage facilities are at a
general level. The rainwater is possible to be pumped directly
into the soil in the outside areas of the dyke. But in the case of
inside areas, there is a large amount of drained surface which
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has been covered by asphalt and blocks with development of
residential district. In this situation, the water moves to the near-
by river basin while the water drifts to the ground impermeable
surface during heavy rainfall. However, the gates are closed at
urgent events such as torrential rain, and the flood risk of the in-
side area is increased. Therefore, a well-planned water network
system should be designed and be related to the temporary
water storage spaces which are proposed before.

ig. 9. Proposal for ditches (own depiction)

The proposal for the water network system is to make ditches in
the entire area of the site (see Figure 9). It is not a function for
the movement of rainwater but also a linear system that allows
self-absorption to proceed smoothly from the ground surface
to the soil. In some cases, it connects the water drainage in-
side and outside of the territory and controls the flow rate itself.
Moreover, Ricklingen can be expected to have a positive ef-
fect in terms of complementing the general functions of existing
drainage facilities.

Individual Strategy

The appropriate strategies are suggested together at the indi-
vidual level for the flood resilience in Ricklingen. First, the strat-
egy of greening on roofs and walls of individual houses and
public buildings expected to perform as an effective function
of quantity control of rainwater. Above all, a green roof system
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can temporarily store water like the pond, which was proposed,
so that has the advantage of no leaking copious amounts of
water in a short time. Therefore, it is possible to devise an en-
vironmental strategy in which individual members of society
can participate by actively linking the green space of individual
buildings with the ponds in the area. Also, each resident can
independently make a temporary water storage space for the
public benefit if there is an open space. Such individual efforts
for the public may be compensated by municipalities on private
real estate through incentive policy. The virtuous cycle struc-
ture of the area can be expected to get positive effects not only
on the flood resilience strategy but also on the development of
Ricklingen itself.

Under the name “Begruntes Hannover”, the City of Hanover
has already launched a funding programme for the greening
of roofs and facades and de-paving of urban areas (RecioN
UND LANDESHAUPTSTADT HANNOVER 2019a: www). This incentive
scheme could be expanded so that the ponds are eligible for
funding as well. Furthermore, awareness-raising campaigns
and resilience meetings can enhance the civil preparedness for
hydrological events and create the basis for environmental lit-
eracy. Like the construction of new buildings, house rebuilding
should be coupled to specific structural and ecological require-
ments to progressively increase the system robustness of the
area at all levels.

The existing dyke and outside area of Ricklingen were under-
stood as a landscape with abundant recreational value through
the field survey. Some areas have been used as a function of a
seasonal outdoor swimming pool by the city of Hanover, but the
green areas which occupy a large proportion that are preserved
without any special functions. If the high potential areas can
be utilised as a park, cycling routes, and external community
spaces, it will be possible to induce the active participation of
residents for public development.

In conclusion, floods, resulting in life loss and huge damages,
have always occurred and will continue to do so. Consequently,
there is an urgent demand for reaction, especially while taking
into consideration the further increase of flooding due to the se-
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rious climate change the planet is facing. However, despite the
inevitable character of the problem, appropriate planning and
adoption of efficient measures may still have the power to influ-
ence the extent of the phenomenon, and, most certainly, their
impact on society, in response to the greater need for resilience
in our surroundings.

Resilience, defined by Bruneau et al. (2003), as “the ability of
social units (e.g., organizations, communities) to mitigate haz-
ards”, is considered to be a powerful tool, as “it contains the
effects of disasters when they occur, and carries out recovery
activities in ways that minimise social disruption, and mitigate
the effects of future disasters” (BrRuneau et al. 2003 ). Living with
water requires innovative architectural and planning solutions.
Success can only be reached if an interdisciplinary approach is
adopted in the development of an integrated strategy towards
flooding mitigation. In integrated approach for resilience con-
sists, therefore, of processes and strategies that engage de-
sign, planning and engineering, along with social and political
solutions to proactively adapt to and live with nature. The best
strategy for a particular area, needs always to take into account
technical feasibility, financial constraints and environmental
considerations, as well as political and societal acceptability.

In the present paper, the development of the proposed strategy
started with a proper understanding of the flood risk in the given
study area and its surroundings, based on a GIS-based spatial
analysis for the visualisation of possible flood scenarios and
the investigation of the existing flood control measures. In ac-
cordance with the concept of integrated planning, the practices
proposed, aim mostly at the retention of excess water amounts
caused by pluvial flooding, as well as fluvial and flash floods,
rather than at the implementation of further structural protec-
tion measures. As a result, a proposed network of waterways
running through the intervention area guides the water towards
and into small ponds, spread throughout the neighbourhood,
which serve as water storage spaces. Adapted to certain par-
ticularities, some individual action plans were considered, in a
number of buildings that could accommodate green roofs, con-
tributing further to water retention.
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At the same time, the ultimate aim of the resilient strategy was
to raise awareness of the issue and ensure public participation.
Therefore, in accordance with the natural context, multi-pur-
pose recreational activities and spaces are proposed, as an
addition to the technical part of water guidance and retention
measures, in order to invite, not only the local, but also the sur-
rounding community and engage their interest in protecting the
place.
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In the current fast-paced and technologically-oriented world, the issue of climate
change — after years of negation — has been gaining importance in urban develop-
ment agendas and city-related research. Simultaneously, it has been one of the cru-
cial aspects to consider in the strategy creation processes to secure a better future
for cities; and in order to do so, conscientious and well thought through governance
actions are required.

In the first part of the book, the theoretical and empirical approaches of practitioners
and scientists are presented, in order to develop a more detailed understanding of
resilience and governance; especially in climate-related aspects. These served as
a holistic basis for the developed proposals which are subsequently presented. The
proposals were developed in interdisciplinary and multinational groups of promis-
ing students, who were obliged to scrutinise given areas, define occurring problems
and specify the actions to eventually create a comprehensive resilience strategy.
This publication, being the outcome of the Summer School on Resilient Cities in
Hannover, does not only aim at the presentation of the final results of the event but
also at further fruitful discussions on the stated topics and encouragement of young
researchers and practitioners to develop their skills and enrich their experiences.
The authors and editors of this book genuinely believe that the published papers
and development proposals will significantly contribute to strengthening awareness
of resilience discourses in urban-related research agendas.

Moreover, as this book is the last published edition within the HeKriS project, the au-
thors would like to thank all the scientists, professionals and students involved in the
work in the past years for their valuable contribution and commitment. Together, this
group has undoubtedly contributed to promoting and enriching the resilience-oriented
research, as well as theoretically and practically dedicated their work to create a bet-
ter future, which aims at developing more liveable, sustainable and inclusive cities.

Additionally, the support of the German Academic Exchange Service (DAAD) has
been of great significance throughout the whole three years of the duration of the pro-
ject. In the course of the DAAD University Partnership between the Leibniz University
Hanover (Institute of Environmental Planning) and the National Technical University
Athens (School of Architecture) various complementing measures and formats were
put into practice to foster the exchange of research and practice in strategies for
sustainable urban development. The formats include summer schools, excursions
and involve different target group of different constellations (Bachelor and Master stu-
dents, PhD candidates, Post-docs and Professors). The main objective was to train
2
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Greek and German students as well as young researchers to develop integrative
strategies of crisis resistant cities as well as new and resilient types of cooperation
between public, private and civil stakeholders (governance structures). The joint re-
search and teaching activities aimed at (1) understanding the challenges of a sus-
tainable and resilient urban development, (2) analysing the steering mechanisms and
instruments and (3) developing appropriate strategies and measures. The intensive
knowledge and experience transfer offered the possibility to the partners as well as
the involved students and young researchers to learn from each and to acquire new
competencies in developing sustainable and resilient cities.

The networks and cooperations that have emerged will be continued in the future. On
behalf of the involved actors, we would like to thank all the participants and the DAAD
for their support again.






Challenges of resilience in European cities

The development of resilient cities is a crucial factor for sustaina-
ble development. In the events of crises or hazards (e.g. natural
hazards such as climate change), cities should be able to fulfil
their societal and economic duties in the long term. In many cit-
ies, the question arises how and with which measures resilience
can be increased and how strategies for successful sustainable
urban development can be implemented.

The publication summarises the confributions of the Summer
School 2019 in Hanover that focused on the development and
discussion of approaches and strategies coping with govern-
ance of resilience, in particular, the two challenges, namely
phenomena of ,heat islands" and ,flooding", within the greater
urban complex of Hanover. The Summer School is a central cor-
nerstone of the University partnership for joint educational and
research activities at the Leibniz University of Hannover (Facul-
ty of Architecture and Landscape) and the National Technical
University Athens (School of Architecture). It is funded by the
German Academic Exchange Service (DAAD) as part of the
project “Resilience as Challenge for European Cities (HeKriS):
Developing urban planning strategies and concrete projects”.
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