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Reading Guide
This thesis is divided into ten chapters: Prologue, Re-
search Framework, Context, Case Study, Theoretical
Background, Site and Context, Spatial Analysis, Met-
hods, Results, Design Proposal, and Epilogue. The
Design Proposal will be discussed at the very end,
as it represents the synthesis of the collected know-
ledge from the theory
and analysis, as well as
the result of microcli-
mate simulations and
rainwater-management
optimization. Its com-
plexity and interconnec-
tedness make it necessa-
ry to be discussed prior.

Throughout the report,
the Harvard Citation
style is used to refe-
rence sources, and an
overview of all sources
can be found in the re-
ferences at the end of
the report. Likewise, all
illustrations are referen-
ced in a list at the end.

I1l. Wall Painting at Gangeviertel
Source: Own Image

Abstract
This project aims to opti-
mize the usage of Sponge
City principles and thermal
comfort early into the de-
sign process, to efficient-
ly transform urban spaces
into climate-resilient and
user-friendly places. Mi-
croclimate simulation
and multi-objective op-
timization for rainwa-
ter-management systems
are adopted to support
the process of decision-
making through perfor-
mance-based standards.

Using the dynamic site
between the Gdngevier-
tel and Brahmsquartier,
this project highlights the
complexity of supporting
the cultural dynamics of
a site, while offering so-
lutions to integrate green
infrastructure, water re-
tention systems, and na-

' ture-based solutions in a
dense urban space. Through a data-driven and ite-
rative process that is based on the Integrated Design
Process, this thesis provides a design suggestion that
demonstrates how small-scale interventions can con-
tribute meaningfully to city-wide climate resilience
goals. Finally, it outlines a transferable framework,
the ), Sponge City Toolbox", for application in other
dense urban contexts, ultimately acting as a pilot
project for the climate-sensitive cities of the future.
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PREFACE

his thesis is submitted as part

of the master’s degree in ur-
ban design at the Department of
Architecture, Design, and Me-
dia Technology at Aalborg Uni-
versity. The 30 ECTS research
and design project marks the
end of this semester program.

The work aims to investigate
how Sponge City principles and
microclimate simulations can be
integrated into the design pro-
cess and meaningfully change
the climate resilience and qual-
ity of the pedestrian environ-
ment of a small urban space
like the site between the Gan-
geviertel and the Brahmsquar-
tier. Apart from a design pro-
posal, this project additionally
aims to provide a toolbox that
can serve as an initial guide
to other projects that seek to

adopt Sponge City principles
and improve thermal comfort.

Under supervision of Lea Holst
Laursen, this thesis greatly in-
creasedinquality,andwearesin-
cerely grateful for her guidance.

We would also like to extend
our thanks to Martin from the
Baukommission at Gangevier-
tel, whose insights were inval-
uable and added not only great
realism to this thesis, but also
reminded us of the importance
of local expertise and lived ex-
perience, especially in the his-
torically layered urban context.

Thank you.



MOTIVATION

he cities of today face in-

creasing climate challenges
such as flooding and extreme
heat, causing discomfort or even
danger for urban residents. Cit-
ies like Hamburg aim to tack-
le these challenges by adopting
Sponge City principles, sub-
sequently seeking to redesign
their urban fabric to accommo-
date the changing needs of life
in today’s urban environment.
However, these initial steps
are often inefficient and high-
light the need for implementing
Sponge City principles. Yet, in
increasingly dense urban are-
as, available space is limited,
and strategies for activating
these small, compact spac-
es remain largely unexplored.

Making the most out of these
small spaces, this project seeks
to optimize for better microcli-
matic conditions, while utiliz-
ing the Sponge City principles
given as the desired standard by
many cities. Though complex
in nature, assuming an under-
standing of the interplay be-
tween local climate, materials
and hydrology, the traditional
design process heavily relies on
the architect’s personal expe-

rience during the early design
stages. Nevertheless, measura-
ble benchmarks are often desired
for a project to be advertised
well yet, these factors are com-
monly considered in later stag-
es, compromising the usability
of the initial design concept.

This thesis therefore aims to
rethink the traditional plan-
ning processes by integrating
microclimate simulations early
in the design process and us-
ing the information gathered to
guide the design in an iterative
process. By evaluating thermal
comfort levels in relation to
spatial possibilities for Sponge
city principles, the design can
not only be understood as aes-
thetically pleasing but also be
optimized to effectively re-
solve climate related issues in
a specific dense, urban context.

The result of this study show-
cases a performance-driv-
en methodology that leads
to climate resilient design,
ensuring that cities devel-
op in a sustainable manner.

Re:Hydrate
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In today’s world, urban
environments face two
major challenges, climate

change and increas-
ing densification.
Hamburg ex-

emplifies a

city try-

ing to bal-
ance  urban
growth with
liveability. Located
in the centre of Ham-
burg, the Gangeviertel of-
fers a site with a rich history
and socio-cultural significance,
suited well for design explora-
tion. It sits next to the modern
Brahmsquartier, creating con-
trast between the old and new,
public and private and small-
and large-scale  structures.

This thesis addresses these con-
trasts through a frame of Sponge
city principles and microclimate
simulations, integrated into the
design process from the very
beginning. Ultimately, these
guidelines acted as the founda-
tion to focus on key design goals
like the reduction of spatial
emptiness and the recognition
of the historical significance, to
transform the site into a resil-
ient and pedestrian friendly ur-
ban space. This project therefore
not only aims to suggest a design
solution for the given site but
also offer a prototype for oth-
er sites thought Hamburg that
can be retrofitted sustainably.

8  Re:Hydrate

INTRODUCTION

Asapoint of departure, the site of
Gangeviertel, Hamburg, serves
as an area of experimentation,
seeking to investigate the design
of a thermally enhanced Sponge
city, while recognizing the site’s
cultural history. The following
chapters will present the site and
its urban context in more depth.

D

Detail
Scale: 1:1000

Region
Hamburg-Neustadt




Location
Scale: 1:10000

Region
North Germany

I1l. 1. Hamburg-Neustadt and

its location in Hamburg

Source: Own Image

Dataset:

Buildings - Freie und Hansestadt Hamburg, Landesbetrieb
Geoinformation und Vermessung (2024), dl-de/by-2-o0 (http://
www.govdata.de/dl-de/by-2-0), [URI] https://daten-hamburg.
de/opendata/ALKIS_ Liegenschaftskarte/ALKIS_Liegenschaft-
skarte_ausgewaehlteDaten HH_ 2024-10-05.zip (Accessed
14.02.2025)

Water Areas- Freie und Hansestadt Hamburg, Behorde fiir Um-
welt und Energie (2024), dl-de/by-2-0 (http://www.govdata.
de/dl-de/by-2-0), [URI] https://daten-hamburg.de/opendata/
ALKIS_ Liegenschaftskarte/ALKIS_ Liegenschaftskarte_aus-
gewaehlteDaten HH_ 2024-10-05.zip (Accessed 14.02.2025)

HAMBURG

| |amburg, a city shaped by
its lakes, rivers, streams

and canals, blends rich history
with contemporary architecture
in northern Germany (Freie und
Hansestadt Hamburg, 2014).
The bustling openness from the
historic Speicherstadt to the vi-
brant Sternschanze showcases
the slogan of the city “The gate-
way to the World”, emphasizing
its diversity, cultural exchange
and economic vitality (Ham-
burg Tourismus GmbH, 2025).

Between Alster and Elbe, nes-
tled in the centre of Hamburg, is
the city district Hamburg-Neu-
stadt. Known for areas like the
“Jungfernstieg, the Elbprome-
nade or the Gangeviertel”, this
district is one of the biggest at-
tractions in Hamburg and mon-
ument of past times (Freie und
Hansestadt Hamburg, 2025).

Re:Hydrate 9
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THEORETICAL
BACKGROUND

RESEARCH QUESTION

,How can site-specific Sponge City princip-
les, coupled with microclimate simulations,

optimize climate resilience and pedestrian
comfort in compact urban spaces?”

OVERVIEW, APPROACH
AND STRUCTURE

o answer this research ques-

tion, the structure of this
report departs with a general
introduction to the topic, fol-
lowed by a contextual analysis
including site specific clima-
te, geometry and spatial rela-
tionships. Subsequently, to set
a foundation, the following
theoretical chapter introdu-
ces the key concepts of Spon-
ge cities, Urban heat islands

and performance-based design.
After highlighting the research
methods that include simu-
lation tools to assess thermal
comfort and a spatial optimi-
zation for Sponge city princip-
les, the design proposal will be
introduced through a synthesis
of the main learnings, derived
from the analysis, theory and
methods. The design proposal
applies these insights to the lo-

cal context and suggests inter-
ventions that increase comfort,
manage rainwater and support
cultural exchange. Finally, the
knowledge gained is summari-
zed in the “Sponge city toolbox”
and issues in the application of
the design process discussed.

@ EVALUATION

Re:Hydrate 11



CONTEXT

THE HISTORY OF HAMBURG

he founding of the city of

Hamburg dates back to a
village from the 9th Centu-
ry. Back then, this village was
known under the name “Ham-
maburg”, combining the two
words: “Ham/Hamme” (transl.
swampy terrain) and “Burg”
(fortified area protected by wall
(Freie und Hansestadt Ham-
burg, 2025). After the city got

destroyed in the following years
and rebuilt, it received in 1266
the privileges from the Roman
German Emperor Friedrich Bar-
barossa to be a Trade city. This
is recognized as the “Birth” of
Hamburg's harbour and the
Hamburg's rise to becoming a
powerful city in Germany. Ori-
ginally, this harbour was located
at the river “Bille” (now “Als-

I1l. 3. Historical map of Hamburg 1722 (Mezner, ..., Fritsch, Christian)
Source: Staats- und Universitdtsbibliothek Hamburg (https://resolver.sub.uni-hamburg.de/kitodo/PPN611980622)
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ter”) and was later moved to the
Elbe to due to ships becoming
larger. Nonetheless, the Region
around the Alster remained the
political and economic heart of
the city until the 19th century.
After the old harbour had bur-
ned down in 1842, it was deci-
ded to build the “Speicherstadt”
in 1871, causing the destruction
of numerous residential houses.
Nevertheless, Hamburg kept
growing outwards, becoming
more and more dense and lea-
ding to the creation of “Gan-
geviertel”. These districts are
characterized through narrow
labyrinth like pathways and will
be detailed in the section His-
tory and development of the
Gangeviertel, p.14 (Freie und
Hansestadt Hamburg, 2025).

Ultimately, Hamburg‘s econo-
mic rise during the last cen-
turies and, in consequence,
the dense urban development
around different harbor areas,
is part of the reason for to-
day‘s urban challenges. Along-
side the development plans of
Hamburg, that will be detailed
in the next chapter, microcli-
mate simulations and sponge
city principles can aid in crea-
ting an urban environment that
balances economic progress
with environmental resilience.



DEVELOPMENT
VISION OF HAMBURG

ith its population nearing

two million and continu-
ed economic expansion, Ham-
burg focuses on balancing urban
growth with social and environ-
mental considerations. The vi-
sion of the city revolves around
sustainable growth, urban den-
sification, climate resilience
and enhanced mobility. One of
the guiding principles is “Mehr
Stadt in der Stadt” (transl. to
More city in the city), focusing
on further urban densification,
while considering the manage-
ment of blue and green infras-
tructures. As part of Hamburg’s
development plan, preserving
open spaces with high quali-
ty and multifunctionality has
become a key factor. A few of
the recent projects in Hamburg,
such as the infamous HafenCi-
ty, but also less internationally
known areas like Grasbrook or
Oberbillwerder, showcase how
urban densification can be ba-
lanced recreational characte-
ristics, by introducing areas for
mixed-uses (BSW, 2019a).

Considering Hamburg's history
of floodings and the general im-
portance of water management
in today‘s urban areas, Ham-
burg has adopted certain sponge
city principles as a way of en-
hancing urban resilience (BSW,
2019a). Details on this follow
in the Theoretical Background
section, p.20 ff..

With focus on urban develop-
ment till 2040(+), Hamburg put

forward a specific plan to de-
velop its major lanes of trans-
port (Magistralen). Recognizing
the importance of urban mobi-
lity, Hamburg plans to redefi-
ne major transport axes which
are traditionally dominated by
car traffic. These corridors are
supposed to be rethought as
multi-functional spaces that
put alternative modes of mobi-
lity in the foreground, such as
walking, biking or public trans-
port. This transformation goes
along with the creating of green
corridors that improve air qua-
lity and urban aesthetics (BWS,
2019b). Another cornerstone of
Hamburg‘s development visi-
on is ensuring social inclusion
and affordability. Initiatives
like affordable housing policies,
mixed use neighbourhoods and
refugee housing integration en-
sure accessibility for low-inco-
me residents and foster diversi-
ty and social interaction (BSW,
2019b).

Concludingly, Hamburg‘'s de-
velopment vision is diverse and
follows principles of sustaina-
bility, resilience and inclusivity.
The goal is to simultaneously
achieve strategic urban den-
sification and maintain a high
quality of urban spaces that
are socially accessible, even for
low-income residents. Creating
mixed-use areas is the focal
point of Hamburg’s endeavours
to promote resilience and social
exchange.

Ill. 4. Raised terrain to support the growth of trees,
Hafencity Hamburg
Source: Own Image

Ill. 5. Water-playground, Hafencity Hamburg
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HISTORY AND DEVELOPMENT
OF THE “GANGEVIERTEL”

,Labyrinth
Of houses,
nhuts, dirt

and misery”

Re:Hydrate

-Asher, H. 1865: 5

he Gangeviertel originated in

the 12th century and stret-
ched out over almost the entire-
ty of what is today known as the
Old and New Town. As of to-
day, barely any remnants of the
Gangeviertel are visible (Dahms,
2010).Attracted by the harbour as
the main employer at the time,
many people moved into this
area and built their small half-
timbered houses. Space was li-
mited and, as most buildings
were not directly placed along
the designated streets, they
could only be reached through
narrow pathways. These narrow
pathways are what gave the-
se districts their characteristic
name (Joeres, 2010; Gruttner,
1983).Later, in the 18th centu-
ry, Hamburg became a centre
of trade in Northern Europe,
resulting in a stark population
growth and, eventually, a lack
of housing (Evans 1996).New
houses could not be construc-
ted outside of the city because
of a legal entrance blockage,

prohibiting people from enter-
ing or exiting at night (Evans,
1996; Dahms, 2010)By the be-
ginning of the industrialization
in the 19th century, houses had
to be expanded with additio-
nal levels, and room sizes were
reduced. Not only were these
houses small but also extre-
mely unhygienic. Regular floo-
ding and, at that time, an open
canal, turned the Gangeviertel
into a breeding ground for di-
seases (Grittner, 1983; Evans,
1996). The Gangeviertel was
also known as the “Labyrinth of
houses, huts, dirt, and misery”
Asher, H. 1865: p. 5. In response
to the miserable conditions, the
city of Hamburg decided to tear
the buildings down and rebu-
ilt the district from the ground
with a new focus on the creation
of large office and commercial
buildings with wide, continu-
ous streets (Asher, H., 1865).



In 2009, the last remains of
the historical district, intended
to be sold to private investors
and finally demolished, cau-
sed several local initiatives to
protest and occupy 12 different
buildings (Fillner and Templin,
2011). To fight for a more de-
mocratic and just city with the
slogan “Right to the city”, the-
se initiatives advertised against
gentrification and privatization
(Fillner and Templin, 2011, p.7).
The city of Hamburg ultimate-
ly gave in, and the attention of
this intervention started con-
versations about transforming
Gangeviertel into the vibrant
socio-cultural centre that it is
today (Gangeviertel Genossen-
schaft 2010 eG, 2014). Finally,
the Gangeviertel was recogni-
zed by the UNESCO and became
an example for cultural diver-
sity (Gangeviertel e.V., 2015a).

Being one of the areas in Ham-
burg with the richest history,
its development over the cen-

I1l. 6. The house at Speckstrale 60, Hamburg, 1925 (J. Hamann)
Source: By Wikimedia Commons (https://commons.wikimedia.org/wiki/File:G%C3%Asngeviertel-Brahms-Geburtshaus_ 1925.jpg)

tury‘s, diminishing from a so-
cial and economic centre to an
overcrowded place full of poor
living conditions, to then later
be transformed into a commer-
cial district, acts as a reminder
of the challenges posed by ra-
pid urbanization and the evol-
ving priorities of city planning.

Re:Hydrate
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GANGEVIERTEL PROJECT
AND TODAYS USAGE

Motivated by  working
against profit-driven ur-
ban developments that neglect
the needs of the community, the
Gangeviertel project fights gen-
trification and the institutiona-
lization of artists for gentrifi-
cation purposes. The vision of
the project is to foster a cultural
and social hub that gives room
for art, culture and communi-
ty activities, accessible by all.
The project also aims to create
a platform for urban experi-
mentation, where people from
all cultural backgrounds are in-
vited to explore forms of com-
munal living, self-governance
and sustainable urban practi-
ces (Gangeviertel e.V., 2015b)

Four key principles are recog-
nized by the Gangeviertel e.V.
(2015):

Openness and accessibility
Self determination
Cultural diversity
Affordable living and wor-
king space

Planning-wise, the total 12 buil-
dings and 3 streets are organized
into different types of spaces,

ranging from residential spaces,
artistic and creative spaces to
socio-cultural spaces and com-
mercial spaces. About 5.250m?
of living space are distributed
in the whole area, hosting about
125 people (Gdngeviertel e.V.
2015b). A more detailed ana-
lysis of the building functions
will be conducted in the Chapter
Site and Context analysis, p.42.

The project further establishes
goals for the intended structure
of thehistorical buildings and the
open space between them. The
historic buildings should main-
tain their unique character and
only be modernized to improve
energy efficiency and sustaina-
bility through new insulation or
new renewable energy sources
and water saving systems. The
open spaces in between are up
for programming, though the
open area along the Speckstrafle
is supposed to provide a con-
trast to the dense urban envi-
ronment by incorporating a new
park area. The Schier’s Passage
on the other hand is thought
to be preserved as a pedestrian
friendly route through the dis-
trict (Gdngeviertel e.V. 2015b).

,Wir sind die Stadt,
denn: Die Stadt sind
wir alle”

-Gangeviertel e \/, 2075¢

I1l. 8. East side entrance and entrance to the under-
ground parking at Brahmsquartier
Source: Own Image

BRAHMSQUARTIER

djacent to the historical

Gangeviertel is the Brahms-
quartier (see Ill. 8). Constructed
in 2009, the mixed-use office
and residential building stret-
ches over the entirety of the
southern boundary of the site
(Hamburg Invest, 2025). Fra-
med by the historical Gange-
viertel in the north and the of-
fice building in the south, are
two residential buildings with 8
floors. These feature shops and
a restaurant on the Groundfloor.

Both, the buildings and the out-
door space in the Brahmsquar-
tier, have been designed by
Carsten Roth Architects (Cars-
ten Roth Architekt., n.d.). Due
to the newly built character of
the Brahmsquartier, it stands
in contrast with the Gangevier-
tel, not only in terms of design
language, but also its usage and
social clientele. This will be di-
scussed in the following chapter.

Re:Hydrate 17



Ministry of Finance

Ministry for

Culture and Media o

City of e
Hamburg

Architects

Gangeviertel

Investor ,Allianz*

Monument
Protection Office

Ministry for Urban

. » Development and Housing

THE SITE

Brahmsquartier

I1l. 9. Stakeholder involvement at Gdngeviertel and Brahmsquartier
Source: Own Image based on R-ein.de (n.d); Brahmsquartier.com (n.d.)

VISION FOR THE SITE

o design a project that crea-

tes real impact, it‘s import-
ant to know what its users think
of the place and what their vi-
sions are for it. Due to the split
nature of the site, composing of
the Gangeviertel in the North,
and a private street and Office,
Housing space to the south,
multiple actors are at play
that need to be understood to
make a good design (see Ill. 9).

While the Gangeviertel on paper
aims to be a community lead
district, the reality involves se-
veral actors that at times follow
different agendas, with different
visions on the Gangeviertel’s
future (Gangeviertel e.V. 2015b).

18  Re:Hydrate

On one side, the Gangeviertel
Association works together with
volunteers, trying to find “do-
it-yourself” solutions for the
complex historical site. On the
other side, collaborators such
as the city of Hamburg further
complicate the situation, re-
quiring compliance with regu-
lations on issues like general
safety, fire safety, building in-
tegrity, and other technicali-
ties, which, due to a variety of
reasons, one of them being lack
of money, the Gangeviertel As-
sociation struggles to adhere to
(Gangeviertel  Genossenschaft
2010 eG (2014); see appendix
A). Because of these ongoing
debates, and the Gdngeviertel

Ministry for
e Culture and Media

Association

"Gangeviertel e. V." '
¢ o Cooperative

"Gangeviertel e. G."

Initiative
y,Komm in die Gange*“

Association’s continuous efforts
to push legal boundaries, often
requiring unique, case-by-ca-
se solutions, the restauration
of the buildings that was meant
to be done in the next few ye-
ars will more likely stretch out
for at least 15 more years, says
“Martin”, one of the Landsca-
pe Architects that is both part
of the planning and construc-
tion on the site (appendix A).

Martin further elaborates that
the focus of the outdoor spaces
in the Gangeviertel is multi-
functional, movable, and af-
fordable interventions that are
localized with as much im-
pact as possible (appendix A).



Il 10. Art installation of headless statue at Gingeviertel
n Image
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THEORETICAL
BACKGROUND

SPONGE CITY CONCEPT

he following chapter intro-

duces the theoretical foun-
dation that will later be used
to address the identified urban
challenges. It focuses on the
sponge city concept, the im-
portance and design of ther-
mally comfortable urban space
and the role of performance-
based design as part of a holistic
design process in resilient ur-
ban transformations.

While heavy rainfalls
are predicted to in-
crease in the future,
cities are growing
denser with higher
rates of impermeab-
le pavements. Tradi-
tional methods of wa-
ter management are
reaching their limits
when facing stricter
weather (Shastri et
al., 2019; Qiao et al.,
2020). These traditional practi-
ces include a centralized, rapid
water removal and are critici-
zed for being less effective than
nature-based solutions (Qiao et
al., 2020; Gao et al., 2016). In
the pursuit of finding solutions
to water management in today‘s
city‘s, the sponge city concept
represents a significant shift
away from central drainage sys-

20  Re:Hydrate

tems and stormwater manage-
ment to local retention and use
of rainwater in urban develop-
ment (Jiang et al., 2017). Origi-
nating from China in 2013-2014,
the term “Sponge city” draws
inspiration from “the ability of
natural sponges to absorb, store
and slowly release large quan-
tities of water “(Bau Minchen,
2023). Utilizing the ideas posed

RESILIENCE 1171/ jons]

Urban resilience refers to the ability of an urban
system-and all its constituent socio-ecological
and socio-technical networks across temporal
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 sys-
tems that limit current or future adaptive capacity.

- Meerow et al, 2016: 39

in the sponge city concepts, the
project site can be transformed
into a resilient urban space that
can adjust to changing conditi-
ons and provide an exemplary
approach to linking water ma-
nagement with improvements
to liveability (Wang et al., 2024).

This is
though,

not the first-time
that concepts simi-

lar to Sponge cities have been
theorized. Concepts like sustai-
nable urban drainage systems
(SUDs), to address water pol-
lution and responding to wa-
ter hazards, have been created
in the United Kingdom (Chan
et al., 2018; Griffiths, 2017).

Furthermore, in the 1990s, the
term “low impact development”
(LID) was recogni-
zed. LID promotes low
impact techniques to
manage  stormwater
close to its source to
minimize the negative
impact of urbanization
on the natural water
cycle (Whole Building
Design Guide WBDG;
Chan et al., 2018)

What makes the spon-

ge city concept uni-

que is its holistic ap-
proach to water management
that focuses on the city holis-
tically, combining water ma-
nagement, climate adaptation
and urban liveability, making it
the most compelling concept for
this project (Chan et al., 2018).

It is this holistic approach that
makes it attractive for big,
fast-urbanizing cities like Chi-



na or Hamburg, where the im-
plementation of localized so-
lutions is often not enough,
and unattended climate-re-
lated water hazards risk resul-
ting in severe consequences.

The Sponge city concept is
based on 4 core princip-
les (Nguyen et al., 2019):

+ Rainwater Absorption &
Storage
Enhancing city surfaces to
absorb and store rainwater,
reducing stormwater runoff
and flood risks

- Water Ecology Management
Implementing self-purify-
ing water systems and ecof-
riendly waterfront designs

+ Green Infrastructure
Using green infrastructure
to purify, restore and reu-
se stormwater, mitigating
pollution and the urban heat
island effect.

+  Permeable Pavements
Incorporating permeable
pavements in urban roads to
improve water absorption

Nguyen et al. (2019) further dis-
tinguishes the micro and macro
scale of sponge city principles.
The macro level focuses on city
wide or even regional strategies,
integrating Sponge city princip-
les into urban planning, infras-
tructure, and governance. On the
micro level, small-scale inter-
ventions, similar to the afore-
mentioned LIDs, aim at impro-
ving water absorption, storage,
and purification at the building,
street, or neighbourhood scale
(Chan et al., 2018). While both
macro and micro are important
to ensure an effective and effi-
cient implementation of sponge
city principles, this project will
consider macro level aspects
theoretically but set its focus on
the micro level (LIDs). The aim
is to reduce urban runoff at the
source, while improving water
retention and ecological benefits

for the area of the project site.

While the theory of sponge ci-
ties is extremely promising, it
doesn‘t come without its diffi-
culties and barriers. Nguyen et
al. (2019) and Li et al. (2017)
both outline 4 core barriers
that currently slow down pro-
gress and big scale implemen-
tation of sponge city principles:

Technical and physical
challenges

Due to its relative newness,
field tested methods and
extensive data on the effec-
tiveness of new water ma-
nagement tools are scarce,
especially when it comes to
long term studies. Further
applying sponge city prin-
ciples to different count-
ries and locations becomes
not only difficult because
trained personnel is gene-
rally rare, but also because
of a lack of data on the site
itself. Applying a generic
solution without additio-
nal context disregards local
differences in climate other
factors.

Financial challenges

Due to the lack of predicta-
bility of long-term mainte-
nance, it‘s hard to create a
cost benefit analysis which
makes it less attractive for
investors to invest. Fur-
ther, big scale constructions
will be necessary to upgra-
de existing infrastructure,
making its large adaptation
difficult.

Legal and Regulatory Chal-
langes

Currently, existing regu-
lations and policies often
prohibit the implementation
of the sponge city concept.
A lack of designated in-
stitutions and fragmented
responsibilities to manage
maintenance create weak
enforcement measures.

- Public’s awareness and ac-
ceptance
Although public awareness
about climate change related
issues is rising, the public is
still lacking knowledge on
the importance and signi-
ficance of the sponge city
concept, reducing its ge-
neral acceptance. This gets
further intensified through
insufficient coordination
among different govern-
ment agencies and poor
data-sharing mechanisms
that hinder research and
innovation

Even when these nature-based
solutions are well maintained
and implemented, they can only
be built for a certain level of ex-
treme rain event. For China, the
standard for newly built infras-
tructure is withstanding a 1:30
year rain-event, beyond that, an
extreme event might still cause
severe destruction (Chan et al.,
2018). However, standards for
Germany only suggest desig-
ning for a 5-to-10-year rain-
event (DWA, 2005; DWA, 2013).

To summarize, Sponge city
principles are a promising so-
lution to combat the illnesses of
ever denser cities suffering from
climate change and outdated
water management methods.
The sponge city concept offers a
holistic solution by integrating
rainwater absorption, green in-
frastructure, and ecological rest-
oration to enhance urban resi-
lience. That said, challenges like
technical execution, financial
questions, legal difficulties and
public awareness hinder wide-
spread adaptation. Recognizing
these obstacles, implementing
sponge city principles on the
neighbourhood scale can reduce
challenges from implementati-
ons on the macro level, such as
immediate investments. Finally,
the site can lead as an example as
one of many knots in the future
network of a more sustainable
and climate adaptive Hamburg.
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SPONGE CITY HAMBURG

s a city that is located close-

ly at and linked to extended
areas of water, implementing
sponge city principles is part of
Hamburg's strategy in making
the city more resilient. To do so,
the city initiated the founding
of RISA, an office dedicated to
combating climate change and
implementing measures to pro-
tect the citizens from extreme
weather events (RISA Hamburg,
2025a). RISA is one of the core
pillars of Hamburg's strategy to
implement sponge city princi-
ples and focuses on four goals:

Promoting a natural water
balance

Protecting water bodies
through the treatment and
retention of stormwater
Heavy rainfall preparedness
Using rainwater as a resour-
ce (RISA Hamburg, 2025b)

In February 2025, Hamburg’s
senate introduced a renewed
climate adaptation strategy that
sets out priorities such as com-
prehensive coastal and inland
flood protection, improved heavy
rainfall preparedness, and the ci-
tywide implementation of blue-
green infrastructure. One major
aspect of this approach is iden-
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tifying vulnerable urban hot-
spots to better focus adaptation
efforts (RISA Hamburg, 2025a).
This strategy builds on Ham-
burg’s long-term “Aktions-
plan zur Anpassung an den
Klimawandel”, first initiated
in 2011, which has since evol-
ved into a dynamic framework.
It spans across multiple sec-
tors, including green urban de-
sign, infrastructure resilience,
and decentralized stormwater
management systems like tho-
se under the RISA-led “Re-
genwasser 2030 plan”. These
efforts align with sponge city
principles by emphasizing in-
filtration, retention, and eva-
poration to manage rainfall on-
site and prevent urban flooding.
Hamburg’s action plan not only
supports the implementation of
technical and nature-based so-
lutions but also encourages ad-
aptive governance and interde-
partmental collaboration (Freie
und Hansestadt Hamburg 2013).

In addition to these endeavours,
Hamburg is also working on the
“Green Network Plan”, aiming to
create a network of green places
that are eventually fully connec-
ted through bike lanes and pe-
destrian pathways with the goal

to ultimately make cars redun-
dant in the city (Hamburg.com,
n.d.). This network is being de-
veloped piece by piece, through
locally anchored interventions.
This is precisely where the pre-
sent project finds its relevance:
as a small yet integrated part of
this larger green network, im-
plementing sponge city princi-
ples at the neighbourhood scale.

Expanding this Network doesn‘t
come without its challenges
though. While especially small
communities throughout Ger-
many struggle with financing
these projects, cities like Ham-
burg find themselves still in the
early stages of collecting the
data that is necessary to manage
and maintain green infrastruc-
ture long term (OECD, 2022).

While the sponge city concept
primarily addresses challen-
ges related to water manage-
ment and urban flooding, ci-
ties like Hamburg must also
consider the compounding ef-
fects of rising temperatures.
To create truly resilient urban
spaces, it is essential to also ad-
dress the phenomenon of Urban
Heat Islands (UHI), as outli-
ned in the following chapter.

URBAN HEAT ISLANDS

he Urban Heat Island Ef-

fect (UHI) describes a phe-
nomenon thereby temperatures
of surfaces, above ground and
the atmosphere of urban spaces
are higher compared to rural
areas. Commonly, the built en-
vironment in our cities has ad-
verse effects on the energy-ba-
lance from the sun’s radiation.
Structures like buildings and
sealed surfaces, found in cities,
usually store and release more

heat than vegetated natural
landscapes, creating a tempe-
rature discrepancy between the
inner dense core of a city and
more suburban and rural spaces
outside of town (EPA, 2025).

Amore detailed analysis of mate-
rials that can aid in UHI mitigati-
on will be conducted in the follo-
wing chapter and a summary can
be found in appendix B.1and B.2.



HEAT STRESS

Human Health

Thermal stress, especially du-
ring periods of heat waves, is
linked to several heat-related
illnesses, eventually also in-
creasing mortality. Especially
elderly people are found to be
at risk of suffering from heat-
related health risks (Gabriel &
Endlicher, 2011). Between 2018
and 2020, Germany was facing
a time-period with higher than
usual summer temperatures,
leading to approximately 19.300
heat-related deaths (Winklm-
ayr et al., 2022). This issue is
further exacerbated by higher
temperatures linked to the UHI
(Abrar et al., 2022). As an ad-
ditional side effect, the UHI
intensifies during heat waves,
increasing temperatures even
more and prolonging hot con-
ditions (Zhao et al., 2018a).

Yet, the World Health Organi-
zation (WHO) refers to a healt-
hy city as “one that continually
creates and improves its phy-
sical and social environments
and expands the community
resources that enable people
to mutually support each other
in performing all the functions
of life and developing to their
maximum potential” (WHO,
2024). By this definition, it is
essential to transform our ci-
ties with mitigation strategies
for high temperatures in mind.

Pedestrian Thermal Comfort

The thermal sensation of the
environment manifests in the
human organism through ex-
tensive heat exchange between
the body and its surroundings.
This is not only influenced by
numerous meteorological para-
meters (e.g. air humidity, wind
speeds, air temperature, mean
radiant temperature) but also

by the bodies regulatory sys-
tem, e.g. sweating on a hot
day. This sensation can effec-
tively influence human decisi-
ons (HOppe, 1999). Several he-
at-balance models have been
derived over the last decade to
effectively quantify on the ther-
mal comfort experienced. Some
of them include the PET (HOp-
pe, 1984) or UCTI (Jendritzky et
al., 2007), which is effectively
being utilized by Ladybug tools
in ©Grasshopper (El-Bahrawy,
2024). These tools were de-
signed to provide planner and
designer with easily accessible
software for informed design
decisions regarding microcli-
mate (Roudsari & Pak, 2013).

Highlighting the impact of ther-
mal comfort on urban spaces,
Jia et al. (2022) have been able
to link an increase of thermal
stress to a significant decrease
in walking speeds, reducing the
walkability of a space. When a
space is thermally comfortable,
people tend to spend more time
outside, while an uncomfortable
climate disqualifies space for
users and limits their choices of
activities in this space. This not
only reduces a spaces accessibi-
lity but may also have negative
effects on social cohesion and
interaction (Boumaraf & Amire-
che, 2021). Thereby, pedestrians
prefer to walk, sit and stand in
places of high thermal com-
fort, highlighting the need for
a strategic microclimate ma-
nagement (Kim & Brown, 2022).

Average global tem-
peratures are expec-
ted to climb by up to
4.8°C until 2700.

-IPCC, 2074
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DETERMINING CAUSES

Key causes for UHI can be ca-
tegorized into a) “Urbanizati-
on and population growth”, b)
“Increased use of manufactu-
red materials” and c¢) “Elevated
heating and cooling demand”
(boulnaga et al., 2024: 293 f.).
The ongoing urbanization in-
creases the need to expand on
built structures, leading to less
natural modifications in land
use and urbanized surfaces. Si-
milarly, manufactured mate-
rials, such as extensive pave-
ments, are used increasingly to
keep up with urbanization, yet
they are known to have heating
properties. Ultimately, the al-
ready increased temperatures
from climate change and the UHI
lead to anthropogenic responses
to elevate thermal discom-
fort (Aboulnaga et al., 2024).

A combination of these effects
can lead to temperature dif-
ferences of up to 7°C in some
cities (Lauwaet et al., 2015).
Comparably, the city of Ham-
burg, with extensive water bo-
dies and green spaces, only sees
a general temperature diffe-
rence of up to 1,6°C. Yet, du-
ring extended heat waves, dif-
ferences of up to 6°C have been
measured. Here, it should be
noted that rural measurements
were taken at the local airport,
likely minimizing the actual
UHI for Hamburg (DWD, 2021).

Geometry

The urban layout and geometry
are a crucial factor in changing
the local microclimate. Especi-
ally an increase in building plan
area increases maximum tem-
peratures, while higher buil-
dings alleviate thermal expo-
sure through additional shading
(Li et al., 2020). On the other
hand, places with less shading
can be more comfortable on
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colder days. Additionally, urban
geometry can block wind venti-
lation, which has negative im-
pacts on pollution dispersion
and the thermal experience.
While reduced wind speeds are
found to be uncomfortable on
days with high temperatures,
they are favourable on colder
days (Kruger et al., 2011). The-
refore, a good design should
provide comfortable spaces un-
der cold and hot conditions.

Urban surfaces and materials

Vegetative surfaces are decrea-
sing in many places, being re-
placed by the built environment
and the necessary construction
materials. Their thermal, ra-
diative and hydraulic characte-
ristics differ from more natu-
ral surfaces like vegetation and
water. Therefore, the energy
consumption promoting vege-
tative evapotranspiration is lo-
wered, warming surfaces and
the air (Grimmond, 2007). It
is suggested that asphalt can
reach surface temperatures of
over 60°C, increasing ground
air temperatures in turn (Hi-
gashiyama et al., 2016) due
to their low albedo and high
thermal mass (Qin, 2015a).

Consequently,  “cool  pave-
ments” are designed to reflect
more solar radiation, enhan-
ce evaporative cooling or store
less heat (Wang et al., 2022).
As pavements are utilized in the
thermal comfort simulation (see
Methodology, p. 58), it is neces-
sary to investigate specific cha-
racteristics of cool pavements.
The literature distinguishes
four main categories of materi-
als, using different techniques:

1. Reflective Pavements
Arguably the most common
strategy is increasing the albe-

do effect of a pavement. Tech-
niques to increase reflectiveness
of a pavement are the applicati-
on of light-coloured aggregates
or coatings to asphalt surfaces
using white or off-white cemen-

I1l. 11. Example of paved space at the project site
Source: Own Image

titious materials (Quin, 2015b)
Qin (2015b) further establishes
that the application of chip seals
and slurry seals can increase the
albedo up to 0.20 and reduce



surface temperatures as much as
10-15°C (Kinouchi et al., 2004;
Pomerantz et al., 1997). The use
of reflective concrete pavements
that utilize slag and white ce-
ment can even achieve albe-

dos of 0.70-0.80 which provi-
des significant heat absorption
(Levinson and Akbari, 2002).

2. Evaporative and Permeable
Pavements
A different approach to cooling
the surface temperature is uti-
lizing water retention and per-
meability of a pavement (Qin,
2015b). Permeable concretes or
asphalts store water and use
the cooling effect of evapora-
tion to achieve surface tem-
perature reductions of up to
4-12°C (Haselbach et al.,2011)

3. Heat storage Modifications
with PCMs

Phase change materials (PCMs)
like paraffin wax can be integra-
ted into a pavement and through
the absorption of latent heat
during phase transition (e-g
melting) limit the rise of surface
temperature (Wang et al. 2022).

4. Polymer-Base Solar Reflec-
tive Coatings
Coatings for asphalt pavements
that utilize polymer matrices like
epoxy or acrylic resins that con-
tain NIR-reflective nanopartic-
les offer a significant reduction
in surface temperature of 8-20°C
(Wang et al. 2022; Li et al,,
2013a; Santamouris et al., 2011)

These various methods don‘t
comewithoutdownsides though.
The correct application of coa-
tings and composition, regular
maintenance of permeable sur-
faces to prevent clogging or UV
damage of polymer-based coa-
tings over time are difficulties
to consider when applying the-
se technologies (Qin, 2015b; Li
et al., 2013a; Wang et al. 2022).

Further, objectively, smooth
surfaces with light colours have
higher albedos and promote col-
der temperatures. Yet instead,
darker materials like asphalt are
prevalent in cities (Doulos et al.,
2004). However, planner and

designer should still be mindful
when adopting light materials
as a general solution, becau-
se, while decreasing immediate
surface temperatures, reflec-
ted radiation from pavement
can lead to higher temperatures
of the surrounding built envi-
ronment, reducing the bene-
fits of reflective materials (Qin,
2015a; Yang et al., 2015). The-
refore, aligning with Hayes’s et
al. (2022), it is key to integrate
nature-based solutions engi-
neered surfaces modifications.

Anthropogenic heat flux

Increasing temperatures from
global warming and UHI in-
crease the energy consump-
tions of buildings to maintain
comfortable indoor tempera-
tures. For each degree of tem-
perature rise, following a local
specific comfortable level, the
electricity demand may rise
between 0,45% and 4,6% (San-
tamouris et al., 2015). Conver-
sely, higher power usage for
cooling also increases air tem-
peratures (Grimmond, 2007).
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THERMAL COMFORT IN URBAN AREAS

The following chapter presents key aspects regarding thermal comfort
in urban areas, derived from the literature. It provides practical design
suggestions to mitigate UHIs and therefore create more comfortable

urban environments.

Evapotranspiration & Shading

Shading provides the most benefits to thermal
comfort by blocking solar-radiation and keep-
ing surfaces cool (Perini & Magliocco, 2014).
Although the building layout in developed are-
as is pre-determined, small shading structures
and trees can be utilized. Here it should be
noted, that strongly shaded areas lead to dis-
comfort on cold days (Kruiger et al., 2011). For
designers, trees are the most effective tool by
combining shading with vegetative evapotran-
spiration (Hiemstra et al., 2017). In general, an
increase in density of vegetation has profound
cooling benefits (Jansson et al., 2007; Perini &
Magliocco, 2014). However, the effectiveness is
closely linked to soil moisture, making a local
water-management advisable (Finietal., 2017).
Also, planting trees in equal intervals and with-
out canopy overlap reduces the number of trees
needed (Zhao et al., 2018b). Even so, uncon-
trolled root growth in the vicinity of built struc-
tures and the mitigation of sunlight on lower
vegetation is of concern (Balder et al., 2018).

Trees are most effective due
to combined effect of shading
and evapotranspiraton

Green space provides
cooling through
evapotranspiration

Shading is the most
prominent factor
regarding thermal
comfort

I1l. 12. Evapotranspiration & shading and
its effect on thermal comfort
Source: Own Image
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Impermeable Pavements
allow for higher soil
water-contents, cooling
through evaporation

Urban Materials

Green space in urban areas is commonly de-
creasing in cities and being replaced with urban
surfaces (Grimmond, 2007). Although light and
smooth materials with high albedos provide
more cooling benefits by reflecting solar-ra-
diation, common urban materials, like asphalt,
tend to be darker and hotter (Doulos et al.
2004). Yet, polymer-base solar reflective coat-
ings can be applied to existing dark materials,
increasing their respective albedo and reducing
temperatures by up to 20 °C (Wang et al. 2022;
Lietal., 2013a; Santamouris et al., 2011). Never-
theless, reflected radiation can be absorbed and
released by the surrounding built environment
that uses dark materials, subsequently reduc-
ing thermal comfort. The effect is exacerbat-
ed in dense urban canyons due to energy being
trapped between buildings (Qin, 2015a; Yang
et al., 2015). Ultimately, a different solution is
provided by permeable pavements. Though not
as effective as open soil, these cool through the
evaporation of stored water (Fini et al., 2017).

In dense urban canyons, re-
flected radiation can heat the
surrounding built environment

|

|

|
Light and smooth materials
reflect radiation, potentialy
cooling the environment

v
Urban materials
\ heat up more

\%m{

Ill. 13. Urban materials and its effect on thermal comfort
Source: Own Image



Wind & Obstacles

Air velocity, or wind, is an important factor
in determining the heat-balance of individu-
als and their respective sensation of thermal
comfort. As such, high air temperatures feel
colder on windy days and vice versa (HOppe,
1999). This makes it essential to assess local
wind conditions and design areas with specif-
ic thermal properties. While good air ventila-
tion of an urban space allows for better ther-
mal comfort on hot days, the opposite is true
for cold days. Essentially, urban geometry can
be used to guide airflow (Kruiger et al., 2011),
though this is highly limited in already de-
veloped urban settings. However, trees can be
used as a tool to change airflow on pedestrian’s
height. On hot days, airflow should not be im-
peded by trees to create thermally uncomfort-
able bubbles of no airflow (Zhao et al., 2018b).

Areas of now wind are less com-
fortable on hot days, but provide
more comfort on cold days

Trees shouldn’t block wind
and, ultimately, the ventila-
tion of areas

Ill. 14. Wind & obstacles and its effect on thermal comfort
Source: Own Image

Water Bodies

Open water basins are a common design as-
set for sponge city developments, storing water
locally and slowly releasing it (WBDG, 2025).
Water bodies lead to an increase in evapora-
tion, reducing temperatures and therefore im-
proving thermal comfort. However, they can
increase the relative air humidity of surround-
ing areas, which mitigates the positive effect
on thermal comfort (Teshnehdel et al., 2022;
Theeuwes et al., 2013). In other circumstanc-
es, water bodies have shown to heat up dur-
ing the day, releasing the stored heat at night
and decreasing thermal comfort during tropi-
cal nights. Moreover, when water temperatures
exceed air temperatures, the surrounding area
is heated, rather than cooled. This could espe-
cially be an issue for smaller water surfaces af-
ter long, hot summers (Theeuwes et al., 2013).
While open water bodies can be used to reduce
thermal comfort, their use should be circum-
stantial and evaluated against the local setting.

Can decreaste temperature
through evaporation, but may
reduce thermal comfort by in-
creasing air-humidity

Still water bodies provide cool-
ing as long as water tempera-
ture is cooler than air (e.g. issue
after long summer)

11l. 15. Water baodies and its effect on thermal comfort
Source: Own Image
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OPTIMIZING DESIGN DECISIONS

s cities become more-and-

more densified, the densi-
fication leads to a loss in green
space due to conflicts with other
uses. Modern green and sus-
tainable design, as well as the
introduction of greening stan-
dards, are regarded as possible
solutions to vegetate more space
(Haaland & van den Bosch, 2015).

Anyhow, with increasing com-
plexity of structures and proces-
ses, architects lack the necessa-
ry knowledge for optimized and
integrated designs. Instead, new
specialists, like engineers take
over the process of development
and designs may no longer be
developed holistically. Rather,
different technologies and solu-
tions are summed on top of ori-
ginal intended designs to meet
specified performance standards
(Shi & Yang, 2013). For refe-
rence, the implementation of
sponge cities requires extensi-
ve knowledge about hydrology,
urban processes and ecological
effects (Nguyen et al., 2019).

As a result, the notion of per-
formance-based design is in-
creasingly adopted by archi-
tects, where the traditional
aspects of aesthetics are com-
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bined with physical, measura-
ble performances as determin-
ants for the success of a design.
Especially environmental de-
signs benefit from this para-
digm (Shi, 2010). On a logical
level, the process of designing
can be abstracted as exploring a
specific design space, consisting
of possible solutions. These are
based on set objectives, cons-
traints and adjustable variables,
thus creating vast opportunities
for the architect to investigate
(Maher, 2000). Eventually, the
development and exploration
of numerous possible solutions
by hand is time-consuming,
whereas computer-based ap-
proaches allow to quickly ge-
nerate and evaluate well-per-
forming scenarios (Geyer et al.,
2015). Comparably, conventio-
nal architecture only focuses on
non-quantifiable decision-ma-
king, relying on the architects
rational thinking (Shi & Yang,
2013). Despite its benefits, new
challenges, such as knowled-
ge about coding and specialized
software, are faced by architects
(Shi, 2010). Additionally, a lack
of information during early de-
sign phases hinders the perfor-
mance of computer-models and
its -reliability. Eventually, these

issues can be reduced by com-
bining simulation with the cri-
tical thinking of architects. As
basic inputs, required for run-
ning simulation, may lead to an
unrealistic design space, the ex-
perience of architects can serve
as a first guide during early de-
sign stages. Uncertainties (e.g.
user-behaviour) regarding re-
sults should be recognized. To
reduce time further, the most
sensitive inputs for the results
of simulations should be iden-
tified beforehand and attention
put towards its optimization.
Finally, results should consider
several objectives and be treated
holistically by architects, still
highlighting the architect’s im-
portance in performance-based
design (@stergard et al., 2016).

Research has shown that the
concept of sponge cities and
mitigation of urban heat is-
lands has the potential for syn-
ergies. Additionally, simulati-
ons have been used to quantify
the effects of sponge city plan-
ning to rainwater-manage-
ment and the UHI for diffe-
rent sites (He et al., 2019; Hou
et al., 2019; Yang et al., 2025).



As established before, both, the
concept of sponge cities and the
thermal sensation of pedestri-
ans can be measured and quan-
tified for their performance and
therefore be used as an indica-
tor when designing. Based on
this, this work utilizes a derived
multi-objective spatial-optimi-
zation simulation for the sponge
city concept, introduced by Xie
et al. (2022) and the Honeybee-
Plugin (Roudsari & Pak, 2013) to
strategically enhance the deci-
sion-making for rainwater ma-
nagement and thermal comfort
during the early design process.
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SUMMARY

Sponge Cities are based upon
implementing green infras-
tructures and vegetation, sto-
ring water and reusing water,
reinstalling natural waterways,
and installing permeable pa-
vements to open surfaces, all-
owing water to infiltrate locally.
However, a variety of financial,
regulatory, and social barriers
limit its implementation on a
city scale (see Chapter Sponge
City Concept, p. 20f.). As such,
there is potential for the city
of Hamburg in fulfilling their
strategy by realizing interven-
tions on a neighbourhood scale
that eventually grow together.

Besides its effect on local rain-
water management, there are
synergies in improving ther-
mal comfort for pedestrians by
implementing more vegetated
surface covers, water, and buil-
ding materials into the urban
fabric that provide more natural
thermal properties (Grimmond,
2007). Better thermal comfort is
linked to the walkability of space
or individual decision-making
on the usage of space (Jia et al.,
2022; Kim & Brown, 2022). A
mindful design for Sponge Ci-
ties can thereby not only make
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an urban space more resilient
towards managing precipita-
tion, but also improve access
for pedestrians to an urban site
by mitigating extensive heat.

As discussed in Chapter Urban
Heat Islands, p. 22f., and Ther-
mal Comfort in Urban Areas, p.
26f., a plethora of possible solu-
tions exist to improve resilience
and pedestrian thermal com-
fort. However, there isn’t one
specific solution or tool that fits
all situations. Different designs
and scenarios must be evalua-
ted for the complex interactions
between their ability to manage
rainwater and improve thermal
comfort. As an example, artifi-
cial ponds store water and re-
duce the amount of peak runoff
(Chan et al., 2018), although the
impact of open water bodies on
thermal comfort can be complex
and reduced depending on the
time of day, season, or size of
the water body (Teshnehdel et
al., 2022). Ultimately, the local
context, as well as financial and
legal limitations, set hard boun-
daries on possible Sponge City
developments for a site (Nguy-
en et al., 2019; Li et al., 2017).

Regardless of these varying li-
mitations, it can be proposed that
the implementation of Sponge
City principles has the poten-
tial to serve the multifunctional
purpose of managing surface
runoff, as well as creating ther-
mally comfortable urban spaces
that promote social interaction.

One possible approach, sugge-
sted by Hoppe (1999), to ad-
dress the inherently complex
interaction of the physical body
with its environment, is heat
balance models. To avoid other,
more specialized actors taking
over the design process, leading
to non-holistic designs (Shi &
Yang, 2013), architects can adopt
a performance-based approach,
balancing form and function.

Combined with the analysis con-
ducted in the following chap-
ters, microclimate simulations
will be used, following a me-
thodological framework derived
from the Integrated Design Pro-
cess (IDP), to create and eva-
luate possible scenarios for the
case of Gangeviertel, Hamburg.
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SITE AND
CONTEXT
ANALYSIS

LOCAL CLIMATE

As established in previous chap-
ters, the local climate has a tre-
mendous impact on the effects
of microclimate and the thermal
challenges pedestrians need to
deal with. With the urban heat
island effect explaining bubbles
of increased heat in the hearts
of our cities, architecture can’t
be taken out of this equation as
a problem and solution. The-
refore, a responsible design of
spaces relies more heavily on
monitoring the local climate
under current conditions. Ad-
ditionally, climate change has

made it necessary to also eva- s
luate for future changes in cli- g"i‘::iii‘cii&’eﬁn _

matic conditions and use this as : ' 3:&3%%%;’3337’3?
a benchmark for further plan- respecivel.
ning and design (Meir & Pe-

arlmutter, 2010). To unify this
process, the Intergovernmental
Panel on Climate Change (IPCC) 11l 17. Average temperatures and number of summer days between 1961-2020, Hamburg
introduced guidelines for ex- Source: Own Image based on data from DWD (2021: 16f., 39)

pressing possible climate-sce-
narios, using the Representative
Concentration Pathways (RCPs),

2
9
%

. Summerdays > 25 °C

. Summerdays > 30 °C

s

In2018,a

RCP 2.6 — warming to 0,3°C ~ When referring to RCPs and es-
- 1,7°C (CO*-emissions are timations on climate change,

which are based on varying Co*- lowered now) this report will from here on
_— RCP 4.5 - warming to 1,1°C  refer to the explanations given.
emissions. These RPCs can also 5 6°C

Eiingtk:e%ractteer;lpz)gfat?;e thhellcrrezsé; RCP 6.0 — warming to 1,4°C  Temperature

until 2100, relative to the peri- ~3,1°C . The average yearly temperatu-

od of 198’6—2005 (IPCC, 2014,): RCP 8.5 — warming to 2,6°C  re in Hamburg currently stands

! : - £4,8°C (continue as it is at 9.8°C for the period of 1991-

right now) (IPCC 2014) 2020. Compared to the reference
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period of 1961-1990, averaging
8.8°C, resulting in a significant
increase of a full 1°C in only 30
years (DWD, 2021). To put this
into perspective, the average
global temperature during the
last ice age, roughly 20,000 ye-
ars ago, was only ~6.1°C lower
than it is today (Tierney et al.
2020). This shows the signifi-
cance and consequences the-
se seemingly small changes in

2007 had the
highest total
amount of rain at
1050 mm/year

. Raindays > 10 1/m’
. Raindays > 20 I/m*

2010

temperature can have on the
climatic system. For Hamburg
specifically, as seen in Figu-
re X, 2014 and 2020 have ove-
rall been the warmest years
since weather data has first
been recorded in 1881, aver-
aging about 10.9°C (DWD, 2021).

Similarly to the increase in
temperature, the city of Ham-
burg saw an increase in summer
days from 21.2 days on average
between 1961 and 1990, to 31.6
for the period of 1991-2020.
A summer day here is defi-
ned as a day where temperatu-
res exceed 25°C. Interestingly,
when looking at days of ex-
treme heat (exceeding 30°C),
this amount increased from 3
to 6.2, suggesting higher and
more frequent peak tempera-
tures in Hamburg (see ill.17).

Overall, there is a linear increase
in both the amount of summer
days Hamburg faces each year
as well as in average tempera-
ture. Additionally, days of ext-
reme temperatures have increa-
sed substantially (DWD, 2021).

Future Temperature

The temperature for Hamburg
is expected to increase a fur-
ther 1,0 °C to 1,4 °C until 2050.
These changes should be con-
sidered for dependent planning
tasks. For the long-term pro-
jection until 2100, the tempe-
rature may only increase by 1,1

Ill. 18. Average precipitation and number of rain days between 1961-2020, Hamburg
Source: Own Image based on data from DWD (2021: 20f., 41)

°C for the RCP 2.6-scenario,
while the RCP 8.5-scenario re-
sults in an increase of 3,6 °C
(DWD, 2021). This means that
temperature conditions for pe-
destrians are likely to worsen.

Precipitation

In the recent period of 1991-
2020 we have seen an average
yearly rainfall of 773 mm. Com-
pared to this, the average ye-
arly rainfall of 1961-1990 was
at 750 mm, indicating a small
increase of only 3%. As seen in
IlI. 18, the amount of rain va-
ries highly from year to year,
with the highest amount recor-
ded in 2007, where 1050 mm
were measured (DWD, 2021).

Rainy days, defined as days ex-
ceeding 10 mm of rain on a sin-
gle day, have also only increa-
sed slightly for the reference
period. While 1961-1990 saw
18,1 of such days, the num-
ber increased to 20,7 days for
1991-2020. Similarly, the num-
ber of days with extrem rain (>
20mm of rain) has only increa-

sed from 3,3 to 4,2 days for the
reference periods (see ill. 18).
Overall, while alinear increase in
precipitation can be found sta-
tistically, itis ever so slightly and
can be neglected (DWD, 2021).

Future

The future-scenarios for Ham-
burg estimate no significant
changes in precipitation. Using
the RCP 2.6 and RCP 8.5 sce-
narios, the total amount of rain
only increases by roughly 3%
until 2050. Even for the long-
term estimation until 2100, the
RCP 2.6 estimates a slight de-
crease of 1%, while the RCP 8.5
results in an increase of 8%.
This change is small enough
to be attributed to natural cli-
mate variability (DWD, 2021).

Since precipitation levels are
not expected to increase signifi-
cantly, designing rainwater ma-
nagement systems based on cur-
rent conditions is appropriate to
ensure longevity in this project.
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LAYERS OF
HAMBURG

Understanding the location
and structural context of
Gangeviertel in Hamburg allows
for decisions based on the wider
urban fabric. As such, a structu-
ral analysis has been conducted.

As part of the city-centre, the
site is densely surrounded by
other buildings. However, there
is a wide network of roads lea-
ding in and out of the city-cen-
tre, giving access to Gangevier-
tel. The site is thereby encased
by roads on all sides (detailed
in chapter Roads, p. 43). This
dominance of infrastructure
and buildings leads to a lack of
green space and fits the previ-
ously debated densification of
Hamburg. The “Wallanlagen”,
a green belt stretching from the
west to the north of the city-
centre of Hamburg, is spatially
adjacent to the site, however,
there is no direct connection.
Similarly, while Hamburg’s
structure is characterized by
the “Elbe” river and “Alster”,
the project site isn’t adjacent
to any water bodies. In con-
junction, Hamburg’s topogra-
phy shows the site being located
between the existing blue space,
without any connecting flow.

Ultimately, while the site is
characteristic for a dense ur-
ban core with a network of ro-
ads surrounding it, it is also
cut off from Hamburg’s green
and blue space by the sur-
rounding built environment.



-
-
-
~
~
~
-
-
~
-
~
~
~
~
-
~
~
~
~
~
-
~
-
-
-
~
~
~
-
-
~
~
-
~
-
-
e -
~ -
~ -
s -
s ~
P -
~ -
-
-
_ ~
-
~
-
>
~
~
-
- ~
- -
P ~
- -
e ~
_ -
_— -
-
~
-

11l. 19. Structural layers of Hamburg

Source: Own Image

Datasets:

Buildings - Freie und Hansestadt Hamburg, Landesbetrieb Geoinformation und Vermessung (2024), dl-de/by-2-0 (http://www.govdata.de/dl-de/by-2-0), [URI] https://daten-hamburg.de/opendata/
ALKIS_ Liegenschaftskarte/ALKIS_ Liegenschaftskarte_ausgewaehlteDaten_HH_ 2024-10-05.zip (Accessed 14.02.2025)

Roads - Freie und Hansestadt Hamburg, Behorde fiir Verkehr und Mobilitatswende (2022), dl-de/by-2-0 (http://www.govdata.de/dl-de/by-2-0), [URI] https://daten-hamburg.de//infrastruktur_bau-
en_wohnen/feinkartierung_ strasse/Feinkartierung_ Strasse_ HH_ 2022-03-25.zip (Accessed 14.02.2025)

Water Areas- Freie und Hansestadt Hamburg, Behorde fiir Umwelt und Energie (2024), dl-de/by-2-0 (http://www.govdata.de/dl-de/by-2-0), [URI] https://daten-hamburg.de/opendata/ALKIS_ Liegen-
schaftskarte/ALKIS_ Liegenschaftskarte_ausgewaehlteDaten_HH_ 2024-10-05.zip (Accessed 14.02.2025)

Green Areas - Freie und Hansestadt Hamburg, Behérde fiir Umwelt und Energie (2024), dl-de/by-2-0 (http://www.govdata.de/dl-de/by-2-0, [URI] https://geodienste.hamburg.de/HH_WFS_ Gruen-
plan?SERVICE=WFS&VERSION=1.1.0&REQUEST=GetFeature&typename=de.hh.up:friedhoefe,de.hh.up:kleingartenanlagen,de.hh.up:verzeichnis_ oeffentlicher_gruenanlagen (Accessed 14.02.2025)
Elevation model DGM 1 (Changed) - Freie und Hansestadt Hamburg, Landesbetrieb Geoinformation und Vermessung (LGV) (2021), dl-de/by-2-0 (http://www.govdata.de/dl-de/by-2-0), [URI] https://
daten-hamburg.de/geographie_geologie_ geobasisdaten/Digitales_Hoehenmodell/DGM1/dgmi_2x2km_XYZ_hh_2021_04_01.zip (Accessed 14.02.2025)
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9:00 - 12:00

15:00 - 17:00

Shadow at17:00

Shadow at15:00

111. 20. Shadows at various times of day in March & June

Source: Own Image
Datasets:

9:00 - 12:00

15:00 - 17:00

Buildings - Freie und Hansestadt Hamburg, Landesbetrieb Geoinformation und Vermessung (2024), dl-de/by-2-0 (http://www.govdata.de/dl-de/by-2-0), [URI]
https://daten-hamburg.de/opendata/ALKIS_ Liegenschaftskarte/ALKIS_ Liegenschaftskarte ausgewaehlteDaten HH_2024-10-05.zip (Accessed 14.02.2025)
Roads - Freie und Hansestadt Hamburg, Behérde fiir Verkehr und Mobilitatswende (2022), dl-de/by-2-0 (http://www.govdata.de/dl-de/by-2-0), [URI] https://
daten-hamburg.de//infrastruktur _bauen_wohnen/feinkartierung_strasse/Feinkartierung_Strasse_ HH_2022-03-25.zip (Accessed 14.02.2025)

SHADOWS
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Understanding the course of
shadow during a day at dif-
ferent times of the year and the
consequent total sun hours is
useful to determine if the site
might have too much or even too
little sun. As established before,
it also has a major influence on
the local microclimate. Especi-
ally in times of climate change
and rising temperatures related
to it, people tend to prioritize
places with sufficient shade co-
verage and might even change

their path to stay in shadow for
longer (Kim & Brown, 2022).

To get a clear picture of the sha-
de situation on site, the analysis
depicts one day in four different
months in the year. As shown in
ill. 20-21, each of the diagrams
features 2 hours per diagram,
split up into 9am and 12am, and
15am and 17am. While the 9am
shadow can help understand
how cool the site is in the mor-
ning, the 12am analysis high-



9:00 - 12:00

15:00 - 17:00

September

111. 21. Shadows at various times of day in September & December

Source: Own Image
Datasets: see I11.20

lights shadow distribution at
the hottest time of the day. Fur-
ther, the 15pm and 17pm sha-
dow locations depict the further
course of the shadow into the
evening. As the analysis indi-
cates, the site is predominant-
ly covered in shadow, which
is cast by the tall buildings in
the south. Only the open area
in front of the historical Gan-
geviertel allows for signifi-
cant access to sunlight in June.

R

December
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9:00 - 12:00

15:00 - 17:00
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Overall volume on site

~50 % of total rainfall
that precipitates in 24 h

i

m] /.

[min] 5 60 120

I1l. 22. Rain volume for different rain-events at Gangeviertel
Source: Own image based on data from Deutscher Wetterdienst (2023)

HYDROLOGICAL ANALYSIS
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he following chapter anal-

yses the hydrological man-
agement at the site, which will
be part of the foundation for the
multi-objective optimization on
rainwater-management  Sys-
tems. For the dimensioning and
placement of rainwater-man-
agement systems, the analysis
must consider the hydrological
flow from the local topography
and expected amounts of rain-
water, as well as soil conditions
and groundwater conditions.
Moreover, water protection are-
as must be recognized, as official
requirements on rainwater-sys-
tems, such as filters to prevent
groundwater  pollution, are
stricter (DWA, 2005; BSU 2006).

The fixed watershed for Gan-
geviertel is determined to be at
0,85 ha. Thereby, the amount
of rain was calculated using a
discharge coefficient for 4 dif-

ferent rain-events at numer-
ous timestamps (see appendix
C.3). As some rainwater-man-
agement systems are only al-
lowed to receive unpolluted
runoff from roofs (DWA, 2005),
the partial drain from all roofs
was calculated as well. The
sub-catchment for all roofs in
the area is determined at 0,34
ha (see appendix C.3). Notably,
roughly 50% of rain precipi-
tates during the first 2 hours of
a chosen rain-event, compared
to 24 hours of rain. This means
that the intensity drastically de-
creases over longer periods, re-
ducing the hydrological stress
on rainwater-management sys-
tems. For a 5-year rain-event at
2 hours, this accumulates to 206
m? for the whole area and 99 m®
for runoff from roofs (seeill. 22).

In addition to these perfor-
mance values, Gangeviertel is



Ill. 23. Hydrological analysis
Source: Own image using flow-analysis from Scalgo
Datasets:

/

Underground Entrance

. Depression

Rain-Gutter with sub-catchment

% Areas draining outside of the site

Buildings - Freie und Hansestadt Hamburg, Landesbetrieb Geoinformation und Vermessung (2024), dl-de/by-2-0 (http://www.govdata.de/dl-de/by-2-0), [URI] https://daten-hamburg.de/openda-
ta/ALKIS_ Liegenschaftskarte/ALKIS_ Liegenschaftskarte_ausgewaehlteDaten_HH_ 2024-10-05.zip (Accessed 14.02.2025)
Roads - Freie und Hansestadt Hamburg, Behorde fiir Verkehr und Mobilitatswende (2022), dl-de/by-2-0 (http://www.govdata.de/dl-de/by-2-0), [URI] https://daten-hamburg.de//infrastruktur__
bauen_wohnen/feinkartierung_ strasse/Feinkartierung_Strasse_ HH_ 2022-03-25.zip (Accessed 14.02.2025)
Elevation model DGM 1 (Changed) - Freie und Hansestadt Hamburg, Landesbetrieb Geoinformation und Vermessung (LGV) (2021), dl-de/by-2-0 (http://www.govdata.de/dl-de/by-2-0), [URI]
https://daten-hamburg.de/geographie_ geologie_geobasisdaten/Digitales_ Hoehenmodell/DGM1/dgm1_2x2km_XYZ_hh_2021_0/_01.zip (Accessed 14.02.2025)

Sewage System (Changed) - Refer to Hamburger Stadtentwdsserung Adr for the , Leitungsbestandspldne”

characterized by the topogra-
phy sloping down from west to
east. Water accumulates all over
the site and is runs off along
the streets, eventually collect-
ing at the centre of the site and
exiting at the eastern opening.
Natural shallow depressions are
scarce yet mostly located at en-
trances for the building’s base-
ments. To be able to understand
the flow and origin of the run-
off created in more detail, the
visible rain-gutters at the site

are mapped. Ultimately, there
currently is no decentral rain-
water-management at the site
and runoff is discharged into a
mixed sewage system (see Ill.
23). In the event of strong rains,
a lack of capacity in these sys-
tems not only leads to over-
flowing rainwater, but also
uncleaned household sewage
(UBA, 2022). Though the site it-
self is not in immediate threat
to intense flooding, introduc-
ing a new type of decentral wa-

ter-management relieves stress
on the sewerage and is part of
a holistic water-management.
Additionally, guiding the water
helps to prevent water flood-
ing the basements at the his-
torical part of Gdngeviertel.
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Type: Fine San(’/ Medium Sand

(nundwater -8,2 m

&,
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I1l. 24. Soil layers and infiltration potential

Source: Own Image

Datasets:

% Drehbahn

B rrobabie
. Likely

Limited

B uniikely

Buildings - Freie und Hansestadt Hamburg, Landesbetrieb Geoinformation und Vermessung (2024), dl-de/by-2-0 (http://www.govdata.
de/dl-de/by-2-0), [URI] https://daten-hamburg.de/opendata/ALKIS_ Liegenschaftskarte/ALKIS_ Liegenschaftskarte_ausgewaehlteDaten__
HH_ 2024-10-05.zip (Accessed 14.02.2025)
Roads - Freie und Hansestadt Hamburg, Behorde fiir Verkehr und Mobilitatswende (2022), dl-de/by-2-0 (http://www.govdata.de/dl-de/
by-2-0), [URI] https://daten-hamburg.de//infrastruktur_bauen_wohnen/feinkartierung_ strasse/Feinkartierung_ Strasse_ HH_ 2022-03-
25.zip (Accessed 14.02.2025)
Infiltration potential - Freie und Hansestadt Hamburg, Behorde fiir Umwelt und Energie (2018), dl-de/by-2-0 (http://www.govdata.de/
dl-de/by-2-0), [URI] https://daten-hamburg.de/umwelt_klima/versickerungspotential/Versickerungspotentialkarte_ HH_2018-06-29.zip

(Accessed 14.02.2025)

Drill data - Geologisches Landesamt Hamburg (2005), dl-de/by-2-0 (http://www.govdata.de/dl-de/by-2-0), [URI] https://geodienste.

hamburg.de/app/render?sid=0x960470calox71973d4cL&id=2033336 (Accessed 18.02.2025)

SOIL ANALYSIS

Infiltration is a key compo-
nent when realizing sponge
cities, as stormwater runoff is
reduced at the place of rainfall
and groundwater levels are re-
plenished. This improves the
natural water-cycle and re-
duces hydraulic stress on grey
infrastructures (WBDG, 2025).
Yet, site-specific soil conditi-
ons heavily impact its ability to
effectively infiltrate water and
thereby limiting the technical
solutions that can be imple-
mented for a decentralized wa-
ter-management. Additional-
ly, its properties are crucial in
cleaning runoff and protecting
groundwater reserves from pol-
lution. The optimal rate of in-
filtration for a soil lies between
1*10A-3 m/s (86,4 m/day) and
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1*10A-6 m/s (0,09 m/day). Slo-
wer rates lead to near impossi-
ble infiltration, while faster ra-
tes decrease its cleaning effect.
Lastly, the distance to the hig-
hest groundwater levels should
be at least 1m for infiltration
to be considered (DWA, 2005).

The site is characterised by a
combination of medium and
fine sands (see ill. 24). While
exact rates of infiltration could
only be measured on-site, DWA
(2005) provides approxima-
te values for some soil types.
In this case, an estimated in-
filtration rate of 5*10A-5 m/s
(4.32 m/day), combined with
deep groundwater levels at ap-
proximately -8.2 m, indica-
tes favourable soil conditions.

As suggested by ill. 24, the soil
conditions for the whole site are
expected to be likely, or better.
Conversely, from a conversation
with an involved city planner
at Gdngeviertel, it became ap-
parent that the northern, his-
torical part of the site is likely
to have unfavourable soil con-
ditions due to centuries of hu-
man building activity (appendix
A). For simulation purposes, the
infiltration rate here is assumed
to be at 7*10A-5 m/s (0,043
m/day). Further, as the project
site represents a highly dense
urban space, a present under-
ground garage limits infiltration
here additionally (see ill. 24).



NOISE

One of the important factors
in achieving urban comfort
is noise. While it‘s not neces-
sarily the pure loudness that
causes discomfort, certain pol-
luters, like the noise of traffic,
are proven to cause discom-
fort. Nonetheless, additional
factors that need to be consi-
dered are the environment in
which a loud noise occurs and
how accustomed the people
in it are to a noisier environ-
ment (Yang et al.,, 2005). Ba-
sed on the study by Yang et al.
(2005), individuals from noi-
sier environments generally
find loud settings less discom-

forting. Additionally, aspects
like the aesthetic of a surroun-
ding or its specific thermal and
wind conditions play a signi-
ficant role in overall comfort.

As depicted in ill. 25, the buil-
dings along Valentinskamp
Street block noise levels caused
by traffic, which times exceed
75 dB. This creates a space in-
side the Gdngeviertel that is
protected from noise pollution.
The highest measured noise
levels are along Kaiser-Wil-
helm-Strafle to the west of the
site, reaching 55-65 dB, and in
parts into Speckstrafe, whe-

Ao 0

I1l. 25. Noise analysis

Source: Own Image
Datasets:

re noise levels can reach 55-60
dB. No other sources of sound
inside the area that would af-
fect the soundscape of the
Gangeviertel are present. Ho-
wever, detailed noise data on
Gangeviertel is not available.

These findings highlight the
area‘s potential as a pla-
ce of retreat from the other-
wise loud urban environment
and underscore the interplay
of factors that need to be con-
sidered in further planning to
reach overall comfort in the site.

Drehbahn

Valentinskamp

55-60 dB
60-65 dB
65-70 dB
70-75 dB

>75 dB

Buildings - Freie und Hansestadt Hamburg, Landesbetrieb Geoinformation und Vermessung (2024), dl-de/by-2-0 (http://www.govdata.
de/dl-de/by-2-0), [URI] https://daten-hamburg.de/opendata/ALKIS_ Liegenschaftskarte/ALKIS_ Liegenschaftskarte_ausgewaehlteDaten__
HH_ 2024-10-05.zip (Accessed 14.02.2025)
Roads - Freie und Hansestadt Hamburg, Behorde fiir Verkehr und Mobilitatswende (2022), dl-de/by-2-0 (http://www.govdata.de/d]l-de/
by-2-0), [URI] https://daten-hamburg.de//infrastruktur_bauen_wohnen/feinkartierung_ strasse/Feinkartierung_Strasse_ HH_2022-03-
25.zip (Accessed 14.02.2025)
Noise - Freie und Hansestadt Hamburg, Behorde fiir Umwelt und Energie (2024), dl-de/by-2-0 (http://www.govdata.de/dl-de/by-2-0),
[URI] https://geodienste.hamburg.de/HH_WFS_ Strassenverkehr?SERVICE=WFS&VERSION=1.1.0&REQUEST=GetFeature&typename=de.
hh.up:strassenverkehr _nacht_2022,de.hh.up:strassenverkehr tag abend_nacht_2022 (Accessed 01.03.2025)
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Ill. 26. Building Functions
Source: Own Image based on data from Gangeviertel E.V. (2015b)

Datasets:

Drehbahn

2y m

iValentinskarnp

Office . Public Service
Hotel Culture
Gastronomy . Housing
Shops |:| Unused

Buildings - Freie und Hansestadt Hamburg, Landesbetrieb Geoinformation und Vermessung (2024), dl-de/by-2-0 (http://www.govdata.
de/dl-de/by-2-0), [URI] https://daten-hamburg.de/opendata/ALKIS_ Liegenschaftskarte/ALKIS_ Liegenschaftskarte_ausgewaehlteDaten__
HH_ 2024-10-05.zip (Accessed 14.02.2025)
Roads - Freie und Hansestadt Hamburg, Behorde fiir Verkehr und Mobilitdtswende (2022), dl-de/by-2-0 (http://www.govdata.de/dl-de/
by-2-0), [URI] https://daten-hamburg.de//infrastruktur_bauen_wohnen/feinkartierung_ strasse/Feinkartierung_ Strasse_ HH_ 2022-03-25.

zip (Accessed 14.02.2025)

FUNCTIONS

Getting an understanding
of the ground floor func-
tions of the site’s context aids
in understanding both, socio-
cultural dynamics and spa-
tial relationships on the site.
Further, this analysis can shed
light on how the Gdngeviertel,
an area that has been identi-
fied as a social hub and place
for activists, might be in fric-
tion with its surroundings.

While the surroundings are a
mix of offices, predominately
in the south, some cultural of-
fers in the north, and a blend of
shops, gastronomy, and public
service functions throughout,
only a few buildings could be
identified purely for housing.
The Gangeviertel presents itself
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with a blend of functions like
its surroundings. This diversity
finds itself again in the layered
mixed-use typology of the buil-
dings that create a vibrant neig-
hbourhood. Along the Caffama-
cherreihe and Valentinskamp,
buildings are split into studios
and residencies used by artists.
Commercial uses and spaces for
storage are on the ground floor
throughout the site, and social
spaces can be found along the
Speckstrafle (see ill. 26). Ad-
ditionally, the building along
the Schlierpassage called “Ter-
rasse” is currently uninhabited
due to structural problems in
the building (see appendix A).

The layout of the Gangeviertel
supports its role as a hub for di-

versity and creativity and offers
great opportunities for tying its
surroundings together. In the
further design process, a focus
should be placed on ensuring
that the district doesn‘t create
friction with its surroundings
due to its socio-cultural dy-
namics and land use priorities.

In the further design process, a
focus should be placed on en-
hancing the role of the Gan-
geviertel and integrating it
into the further surroundings.



ROADS

bserving the road network

that surrounds the site gives
indications on how well a site is
connected to its adjacent areas
and has further implications for
aspects like traffic-related pol-
lution. According to DWA (2005),
the availability of road-traffic
determines the measurements
that must be taken to reduce the
pollution of stormwater runoff.

It is worth noting, that the site
itself is sheltered by the buil-
dings around it. As indicated in
the chapter Noise, p. 41, the area

is well sheltered from all major
roads. To the north and east, the
space is connected via seconda-
ry roads that lead, similar to the
main road, further into the city
centre of Hamburg. Important
for this project and the later de-
sign phase is the minor road,
Speckstrafle, that crosses the
site from east to west and is pri-
vate (see ill. 27). A site-visit re-
vealed restricted access to most
parts of the Speckstrae, howe-
ver it must remain intact sin-
ce it provides access for emer-
gency vehicles and service cars.

Ill. 27. Road-network, 1:5000

Source: Own Image

Datasets:

While the level of connection
from the site to its surroundings
is excellent, the main challenge
in the later design is posed by
the private street, since it can
not only be adjusted to a limited
extent, but also splits the areas
of Gangeviertel and Brahms-
quartier, which should be inves-
tigated in the further process.

. Major Road
. Secondary Road

Minor Road

Buildings - Freie und Hansestadt Hamburg, Landesbetrieb Geoinformation und Vermessung (2024), dl-de/by-2-0 (http://www.govdata.
de/dl-de/by-2-0), [URI] https://daten-hamburg.de/opendata/ALKIS_ Liegenschaftskarte/ALKIS_Liegenschaftskarte ausgewaehlteDaten
HH_ 2024-10-05.zip (Accessed 14.02.2025)
Roads - Freie und Hansestadt Hamburg, Behorde fiir Verkehr und Mobilitdtswende (2022), dl-de/by-2-0 (http://www.govdata.de/dl-de/
by-2-0), [URI] https://daten-hamburg.de//infrastruktur_bauen_wohnen/feinkartierung_strasse/Feinkartierung_Strasse_ HH_2022-03-25.
zip (Accessed 14.02.2025)
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FLOW ANALYSIS

Analysing the flow delivers
valuable information on how
people move through the space
and how efficiently a space is
used, which can later be used
to guide certain design choices.

Il1I. 28 and ill. 29 illustrate the
flow of pedestrians through the
site in the morning and late af-
ternoon. It is noticeable that
there is little to no significant
difference between the walking
patterns during these two ti-
meframes. Further, the most
used path taken by people arri-
ving from outside the area is the
path along the office building
to the south, where pedestri-
ans have been mapped to travel
through the entirety of the site,
suggesting its value as a tran-
sit space. The least amount of
flow was counted from and to
the direction of Gangeviertel.
Apart from some cars, only a
few bicycles were counted, in-
dicating that the project site
is mostly used by pedestri-
ans. Finally, worth mentioning
is the flow of people that was
seen coming in and out of the
office building in the south.

Pedestrians counted:

9:00am 17:00pm

104 123

Cyclists counted:
9:00am 17:00pm

5 1

Cars counted:

9:00am 17:00pm

2 1
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I11. 28. Flow mapping at 9:00-9:30 am
Source: Own Image
Data Set: See Ill. 29

I11. 29. Flow mapping at 4:30-5:00 pm

Source: Own Image

Datasets:

Buildings - Freie und Hansestadt Hamburg, Landesbetrieb Geoinformation und Vermessung (2024), dl-de/by-2-0 (http://www.
govdata.de/dl-de/by-2-0), [URI] https://daten-hamburg.de/opendata/ALKIS_ Liegenschaftskarte/ALKIS_ Liegenschaftskarte_ausge-
waehlteDaten_HH_ 2024-10-05.zip (Accessed 14.02.2025)

Roads - Freie und Hansestadt Hamburg, Behorde fiir Verkehr und Mobilitdtswende (2022), dl-de/by-2-0 (http://www.govdata.de/
dl-de/by-2-0), [URI] https://daten-hamburg.de//infrastruktur_bauen_wohnen/feinkartierung_strasse/Feinkartierung_Stras-
se_HH_ 2022-03-25.zip (Accessed 14.02.2025)



Age

Children
11.90%

Teenagers
5.30%

Young Adults
24.09%

Middle-Aged Adults
27.74%

Older Adults
21.45%

Elderly

Ill. 30. Demography of Hamburg

Source: Own Image based on data from Statistikamt Nord (2024a)

DEMOGRAPHY

Analysing the demography
of Hamburg and the pro-
ject site is important because
it allows the design to adapt
to the needs of its users whi-
le giving an indication of who
might be using the area and
how they shape the urban space
around them. This is especial-
ly relevant since the project site
acts as a cultural hub, seeking
to be available for all people.

Hamburg has around 1.9 million
residents, with an average age
of 41. As depicted in ill. 30, the
biggest age group is the 35-54
years bracket (27.74%), closely
followed by the young adult age
group of 18-34 years (24.09%).
Given the nature of the site as
both a space for transit and a
social hub, many different age
groupswillbe presentinthearea.

Neustadt, the district of the pro-
ject site, is inhabited by an es-
timated 12,500 residents on an
area of about 2,200 km?, resul-
ting in a density of 5,801 peop-
le/km?*. This makes it one of the
most densely populated areas
in Hamburg, which has a com-
bined average of 2,500 people/
km? (Statistikamt Nord, 2024b).

Because of itsdensityandrelative
homogeneity, it‘s important to
implement a variation of functi-
ons into the space that caters to
the need of different age groups.
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SPATIAL
ANALYIS

SECTIONS OF

THE CURRENT SITE

o illustrate both, the spa-

tial relationship between the
ground level and the surroun-
ding buildings, and to analyse
the site‘s relationship to hu-
man scale, the following secti-
ons have been created. This also
helps to pinpoint the location
of the underground parking.

I11. 32-33 both cut through the
site from north to south, highl-
ighting the openness of the area
and revealing the stark contrast
between the outdoor space and
the tall buildings. Additional-
ly, both sections indicate the
large, two-story underground
parking structure that stret-
ches along the Brahmsquar-
tier, extending across the entire
project area from east to west.

During the upcoming design
phases, it will be important
to take the underground car
park into account, while de-
veloping strategies to redu-
ce the openness of the area
and create a more human-
scale, liveable environment.
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Ill. 31. Section overview - Pre Design

Source: Own Image

Datasets:

Buildings - Freie und Hansestadt Hamburg, Landesbetrieb Geoinformation

und Vermessung (LGV) 2024, dl-de/by-2-0 (http://www.govdata.de/dl-de/
by-2-0), [URI] https://daten-hamburg.de/opendata/ALKIS_ Liegenschaftskarte/
ALKIS_ Liegenschaftskarte_ausgewaehlteDaten_HH_ 2024-10-05.zip (Accessed
14.02.2025)

Roads - Freie und Hansestadt Hamburg, Behorde fiir Verkehr und Mobilitdts-
wende (2022), dl-de/by-2-0 (http://www.govdata.de/dl-de/by-2-0), [URI]
https://daten-hamburg.de//infrastruktur_bauen_ wohnen/feinkartierung__
strasse/Feinkartierung_ Strasse_ HH_ 2022-03-25.zip (Accessed 14.02.2025)
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Section A-A

Ill. 32. Section A-A’ - Pre Design
Source: Own Image

Dataset: See Ill. 33
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I1l. 33. Section B-B’ - Pre Design

Source: Own Image

Datasets:

3D-Buildings (Changed) - Freie und Hansestadt Hamburg, Landesbetrieb Geoinformation und Vermessung (2023), dl-de/by-2-0 (http://www.govda-
ta.de/dl-de/by-2-0), https://daten-hamburg.de/opendata/3d_ stadtmodell lod3/LoD3-HH_Areal_2023_12_14.zip (Accessed 17.02.2025)

Elevation model DGM 1 (Changed) - Freie und Hansestadt Hamburg, Landesbetrieb Geoinformation und Vermessung (LGV) (2021), dl-de/by-2-0
(http://www.govdata.de/dl-de/by-2-0), [URI] https://daten-hamburg.de/geographie_ geologie geobasisdaten/Digitales_Hoehenmodell/DGM1/dg-
mi1_2x2km_XYZ_hh_2021_04_01.zip (Accessed 14.02.2025)
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A WALK THROUGH THE SITE

his section presents a se-

quential visual explora-
tion of the site, divided into
four routes that all begin at
the site‘s eastern entrance on
Speckstrafle. Rather than in-
terpreting the space subjecti-
vely, this walkthrough serves
as a record of the site‘s physical
character, offering a direct vi-
sual understanding of its struc-
ture, scale, and atmosphere.

111. 34. Route of walk through

Source: Own Image

Datasets:

Buildings - Freie und Hansestadt Hamburg, Landesbetrieb Geoinformation und Vermessung (2024),
dl-de/by-2-0 (http://www.govdata.de/dl-de/by-2-0), [URI] https://daten-hamburg.de/opendata/
ALKIS_ Liegenschaftskarte/ALKIS_Liegenschaftskarte ausgewaehlteDaten HH_2024-10-05.zip
(Accessed 14.02.2025)

Roads - Freie und Hansestadt Hamburg, Behérde fiir Verkehr und Mobilitatswende (2022), dl-de/by-
2-0 (http://www.govdata.de/dl-de/by-2-0), [URI] https://daten-hamburg.de//infrastruktur bauen__
wohnen/feinkartierung strasse/Feinkartierung Strasse HH_ 2022-03-25.zip (Accessed 14.02.2025)
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Location:
Bdckerbreitergang

g

Route Red

Starting at the south entrance of
the site, the red route (ill. 36)
follows the area of the Brahms-
quartier. The first impression is
dominated by the entrance to the
underground parking that sepa-
rates the Speckstrafle from the
pedestrian path along the office
building (left in the picture). The
otherwise open and heavily pa-
ved space continues over stairs
to the south-west entrance of
the site. The space continues to
feel corporate, clean, and formal
with minimal vegetation, past
uninviting play elements and
long glass and concrete facades.

11l. 35. Walking path / red
Source: Own Image

Datasets:

Buildings - Freie und Hansestadt Hamburg, Landesbetrieb Geo-
information und Vermessung (2024), dl-de/by-2-0 (http://www.
govdata.de/dl-de/by-2-0), [URI] https://daten-hamburg.de/open-
data/ALKIS_ Liegenschaftskarte/ALKIS_ Liegenschaftskarte_aus-
gewaehlteDaten_HH_ 2024-10-05.zip (Accessed 14.02.2025)
Roads - Freie und Hansestadt Hamburg, Behorde fiir Verkehr und
Mobilitatswende (2022), dl-de/by-2-0 (http://www.govdata.de/
dl-de/by-2-0), [URI] https://daten-hamburg.de//infrastruktur__
bauen_wohnen/feinkartierung_strasse/Feinkartierung_ Strasse__
HH__2022-03-25.zip (Accessed 14.02.2025)

Location:
Speckstrafie

111. 36. Impressions of the red route
Source: Own Image
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Route Green

Starting in an open urban space,
graffiti-covered walls con-
trast with the modern high-ri-
se buildings in the background.
Confirming Martin’s statements
(see appendix A), the site ap-
pears to be under construction,
reinforcing the DIY character he
described. The sequence con-
tinues through a mismatched
architectural landscape. Rein-
forcing the community-driven
identity, varied architectural
styles and a general scattering
of objects create a contained
and intimate atmosphere. The
route then passes into an open

space with brick walls, artistic
elements, and some urban gar-
dening, before reaching a fork:
a left turn leads into a trashed
dead end, while continuing for-
ward leads to Valentinskamp
street, which marks the northern
boundary of the site (see ill. 38)




111. 37. Walking path / green

Source: Own Image

Datasets:

Buildings - Freie und Hansestadt Hamburg, Landesbetrieb
Geoinformation und Vermessung (2024), dl-de/by-2-0 (http://
www.govdata.de/dl-de/by-2-0), [URI] https://daten-hamburg.
de/opendata/ALKIS_ Liegenschaftskarte/ALKIS_Liegenschaft-
skarte__ausgewaehlteDaten_HH_ 2024-10-05.zip (Accessed
1£4.02.2025)

Roads - Freie und Hansestadt Hamburg, Behorde fiir Verkehr
und Mobilitdtswende (2022), dl-de/by-2-0 (http://www.gov-
data.de/dl-de/by-2-0), [URI] https://daten-hamburg.de//in-
frastruktur_bauen_wohnen/feinkartierung_strasse/Feinkarti-
erung_Strasse_ HH_ 2022-03-25.zip (Accessed 14.02.2025)

Location:
Valentinskamp

I11. 38. Impressions of the green route
Source: Own Image

Re:Hydrate 51



Route Blue

The blue route begins roughly 10
meters west of the green route’s
starting point on Speckstrafle,
but maintains a similar visu-
al style. Behind piles of assor-
ted construction debris, graf-
fiti-covered brick walls set the
tone for an alternative, com-
munity-oriented environment.
The path opens into a courtyard
that eventually leads to a se-
cond exit onto Valentinskamp
street. The space is defined
by scattered objects and art-
works, mixed with greenery and
raw urban surfaces (see ill. 40)

Route Yellow

Beginning at Speckstrafle,
this route turns east, fol-
lowing  Caffamacherreihe.
Plants, benches, and infor-
mal seating create a welco-
ming atmosphere and give
the impression of a socially
engaged, artistic community.
The walk continues through
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an open space with a mixed-
use character, artistic pat-
terns, and creative interven-
tions, before concluding at a
paved dead end near a bike
shed adorned with greenery
and decorations (see ill. 40).

I1l. 39. Walking path / blue & yellow

Source: Own Image

Datasets:

Buildings - Freie und Hansestadt Hamburg, Landesbetrieb
Geoinformation und Vermessung (2024), dl-de/by-2-0 (http://
www.govdata.de/dl-de/by-2-0), [URI] https://daten-hamburg.
de/opendata/ALKIS_ Liegenschaftskarte/ALKIS_ Liegenschaft-
skarte_ausgewaehlteDaten_HH_ 2024-10-05.zip (Accessed
14.02.2025)

Roads - Freie und Hansestadt Hamburg, Behorde fiir Verkehr
und Mobilitdtswende (2022), dl-de/by-2-0 (http://www.gov-
data.de/dl-de/by-2-0), [URI] https://daten-hamburg.de//in-
frastruktur_bauen_ wohnen/feinkartierung_ strasse/Feinkarti-
erung_ Strasse_ HH_ 2022-03-25.zip (Accessed 14.02.2025)




I1l. 40. Impressions of the blue and yellow route
Source: Own Image

Location:
Caffamacherreihe

Location:
Schlierpassage

Conclusion

The blue, green, and yellow rou-
tes especially highlight the key
aspects of the Gangeviertel: in-
formal urbanism, community-
driven spaces, and adaptive de-
sign. Their contrast to the very
formal and structured red route
should be considered in future
planning steps to achieve a more
cohesive appearance, balancing
diverging design languages.
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MATERIALS

his study documents the di-

verse material palette found
within the site. These mate-
rials will not only be used as a
point of departure in the out-
door thermal comfort simula-
tion (see Chapter Outdoor Ther-
mal Comfort Simulation, p. 58),
but they also help to identify the
local character and provide in-
sight into the historical layers of
the area. The following pictures
showcase a collection of mate-
rials found throughout the site,
both on the ground level and
on the facades of the surroun-
ding buildings (see ill. 41-42).
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Ill. 41. Material board A
Source: Own Image



Pavement

The high contrast of the site
is reflected in the diversity of
materials. It further highlights
the area’s historical layering
and illustrates different phases
of urban development. Corre-
lating with the site’s split bet-
ween heritage preservation and
contemporary urban redevelop-
ment, which has been detai-
led in the chapter Gangevier-
tel Project and Today’s Usage,
p. 17, these materials have one
common denominator: the lack
of green or unpaved spaces.
The dominant materials are
traditional cobblestone (some
with moss), patched and aged
concrete, smooth modern pa-
ving slabs, also known as the
“Hamburg  Standard Pave-
ment” (Freie und Hansestadt
Hamburg, Behorde fiir Wirt-
schaft, Verkehr und Innova-
tion, 2017), as well as asphalt
and crushed aggregate surfaces.

Buildings

Graffiti, stickers, and layered
paint dominate several of the
surfaces in the Gangeviertel that
clash with the clean, modern
glass facades of the Brahms-

By

Y ) B

quartier. Rusted hinges, peeling
paint, and weathered textures
indicate the aging and evolving
character of the site and fit well
into the already defined pic-

1ll. 42. Material board B
Source: Own Image

ture of the Gangeviertel, whi-
le also highlighting the stark
contrast prevalent on the site.
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METHODS

‘In general, the integrated design process is an approach to building design
that seeks to achieve high performance on a wide variety of well-defined
environmental and saocial goals while staying within budgetary and sched-

INTEGRATED

DESIGN PROCESS

he Integrated Design Process

(IDP) starts with pre-de-
sign preparations and concludes
with the long-term opera-
tion of the finalized design. Its
strengths lie in the early inte-
gration of different disciplines,
a focus on goals and objectives,
and an iterative workflow that
allows for parameter adjust-
ments throughout the process
(Busby Perkins+Will & Stantec
Consulting, 2007). As the work
presented here emphasizes the
integration of simulation dur-
ing the early design devel-
opment, a more design-cen-
tred approach to IDP, based on
Knudstrup (2004), is adopted.
It integrates both, sponge city
optimization and microclimate
simulations. In this approach,
five phases detail the develop-
ment of a design from its initial
idea to the final presentation.

The established workflow is
outlined in Ill. 43. Through an
iterative process, knowledge of
the site is gained from a thor-
ough analysis of current spa-
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tial and social conditions and
used to support the knowl-
edge-based development of an
exemplary design. Based on the
proposed research question in
the chapter Research Frame-
work, p. 11, the finalized goal is
to effectively apply sponge city
principles for a decentralized
rainwater management and im-
prove thermal comfort, thereby
fostering social exchange. Gey-
er et al., (2015) identifies sim-
ulations as effective tools to
rapidly generate multiple de-
sign solutions and explore the
project-specific design space.
In addition, these tools can be
adapted throughout the design
development to further inves-
tigate emerging concepts. Sim-
ulations can help meeting de-
fined performance standards
but are also valuable for testing
and quantifying concepts dur-
ing the early design process.

Ladybug Tools in Grasshopper
have demonstrated success in
accurately predicting pedestrian
thermal comfort (El-Bahrawy,

uling constraints”

- Busby Perkins+Will & Stantec Consulting 2007: 5ff.

2024) and are therefore chosen
for the thermal comfort evalu-
ation. Furthermore, to optimize
the implementation of sponge
city principles, an approach by
Xie et al. (2022) is adopted and
modified to assess site-specific
opportunities for effective wa-
ter management. This approach
has proven effective in support-
ing decision-making in already
developed urban areas and fa-
cilitates iterations on various
possible solutions. The data
collected during the site anal-
ysis serves as the initial input
for the simulations conduct-
ed. Further details on the set-
up on the simulations are pro-
vided on the following pages.

Ultimately, as part of the IDP,
the simulation inputs are con-
tinuously adjusted throughout
the project’s development. New
conceptual scenarios are tested
for their hydrological perfor-
mance and impact on thermal
comfort, generating insights
into the site-specific challeng-
es and potential opportunities.
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I1l. 43. Model workflow for an integrated design process, showing the implemen-
tation of thermal comfort simulation and sponge optimization
Source: Own Image based on Knudstrup (2024: 224)
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OUTDOOR THERMAL
COMFORT SIMULATION

The thermal comfort and wind
behaviour simulation was con-
ducted using ©Rhino3D’s Gras-
shopper extension in combinati-
on with the open-source plugins
Ladybug, Butterfly, and Honey-
bee. This simulation approach is
based on Mackey et al. (2017),
who couple solar radiation, sur-
face temperature, and wind data
in a spatially resolved model.
It has been adapted and parti-
ally simplified to accommoda-
te hardware limitations and to
reflect its relative weight within
this project. As a result, the si-
mulation days and time frames
were reduced to an average cold
day (December 10th) and an
average hot day (June4th), each
measured from 8 a.m. to 6 p.m.

Framework

In the first step, Ladybug was
used to integrate weather data
sourced from Ladybug Tools.
(n.d.), providing initial clima-
te data specific to Hamburg.
This includes hourly tempe-
rature profiles, sun path, wind
speed and direction, and out-
door comfort indices that can
be converted later into UTCI,
which has been defined in the
chapter ,,Urban heat islands“
p.22. This data forms the ba-
sis of the simulation and in-
formed the selection of rele-
vant time frames, aligning with
Mackey’s proposal to correlate
climate conditions with occu-
pant behaviour in thermally
diverse spaces (Mackey, 2015).

Based on this weather data,
Butterfly, a Grasshopper inter-
face for OpenFOAM, was used to
simulate Computational Fluid
Dynamics (CFD) and visualize
wind flow across the site. This
was done within a predefined
radius and level of detail after
meshing the geometry and as-
signing boundary conditions,
including buildings and site to-
pography, which were simplified
to enhance simulation speed.
The approach follows the me-
thodology outlined in the IBPSA
2017 paper, aiming to identify
wind accelerations and flow di-
rections (Mackey, C et al. 2017)

Utilizing the weather file data
in combination with Butterfly’s
wind speed and direction out-
puts, Honeybee was then used
to calculate surface tempera-
tures and ground heat absorp-
tion via the integrated Ener-
gyPlus simulation engine. This
allowed for the assignment of
specific materials to different
areas of the model. These mate-
rials correspond to those iden-
tified in the chapter Materials,
p. 54f., and include properties
such as thickness, conductivity,
density, specific heat, roughn-
ess, thermal absorption, solar
absorption, and visible wave-
length absorption (see appen-
dix B.2 for details). The resul-
ting output will be discussed in
chapter Results, p.62, showing
UTCI temperatures across the
site overlaid with primary wind
flow directions and speeds.
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11l. 44. Model workflow for the sponge city multi-objective optimization

Source: Own Image based on Xie et al. (2022: 3294)

SPONGE CITY-OPTIMIZATION

The simulation tool used here
was initially developed by Xie
et al. (2022) to help designers
create effective solutions when
combining different technolo-
gies of rainwater-management
systems. It returns a combina-
tion of rainwater-management
systems and their respective size
(in m?), that may be established
to meet performance goals for
a sponge city development.

The tool runs in Grasshopper,
based in ©Rhino3D. It utiliz-
es the Octopus plug-in, which
was developed by the University
of Applied Arts in Vienna, Aus-
tria, and Bollinger+Grohmann
Engineers. This plug-in allows
its user to optimize a scenario
based on pre-determined objec-
tives (multi-objective optimiza-
tion) and can deliver numerous
possible solutions. In gener-
al, the Strength Pareto Evolu-
tionary Algorithm-2 (SPEA-2)
is used to minimize an objec-
tives value as much as possi-

ble. The results are used as a
starting reference for designers
to discuss and eventually meet
the set hydrological goals for
a successful Sponge city con-
cept. Finally, the designer must
still be mindful about the sim-
ulation and may deviate from
its results (Xie et al., 2022).

Model Framework

The model presented con-
sists of three phases for in-
puts to be made (see ill. 44).
As suggested by Xie et al
(2022), design objective func-
tions must specifically be cho-
sen depending on a project’s
goals and performance targets.

Next, possible rainwater-man-
agement systems are chosen
and established as decision var-
iables for the simulation to solve
for (see Ill. 45). The list used
here is not representative of all
existing systems and techno-
logical variants, but presents a
generalization based on DWA

(2005), DWA (2013) and Pfoser
& Jenner (2014) (see appendix
C.3 for more details). The ulti-
mate decision variables repre-
sent the horizontal area used in
m?*. They consist of adjustable
parameters, specific to the rain-
water facility, such as maximum
water depth and slope gradient.

Eventually, constraints are put
in place tofilter out unfavourable
solutions produced by the algo-
rithm. These can vary depend-
ing on the site and local regula-
tions but improve performance
of the algorithm and reliability
of the results (Xie et al., 2022).

Lastly, the SPEA-2 solves based
on inputs to generate possible
combinations of sponge facili-
ties. Thereby, thousands of sce-
narios, with different charac-
teristics (e.g cost-effectiveness)
are created and open for evalu-
ation by the architect. For more
details, refer to Xie et al. (2022).
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Based on DWA (2005: 24)

<=0.3m

Based on DWA (2005: 25)

Outlet
Sediment box

Storage Layer

Groundwater
Based on DWA (2005: 26)
<=0.3m
Outlet
Overflow
+

Storage Layer

Groundwater

Based on DWA (2005: 25, 28)
& SenUVK (2018: 22f.)

Outlet

Based on information from DWA (2013)

Grass Strip - A1

Water is being infiltrated on
open, unpaved soil. Usually,
grass is planted for vegetation.
The surface area needed is very
large, however a layer of organ-
ic soil leads with at least 10cm
of thickness, serves as a good
pollutant control (DWA, 2005).

Grass Swale - A3

This system combines infil-
tration with a small storage
space. Water levels of up to
30 cm are recommended, en-
hancing performance. A lay-
er of organic soil cleans pol-
luted runoff (DWA, 2005).

Infiltration Chamber - A5/B5

Storage modules are placed
underground, receiving wa-
ter through pipes, or a surface
opening with filling material.
There, water is stored and in-
filtrated. While surface space
is preserved, the water doesn’t
pass the organic soil layer,
potentially polluting ground-
water. For badly infiltrating
soil, a controlled discharge
can be added (DWA, 2005).

Rain Garden - A7/B7

Constructed similar to an in-
filtration trench, the surface
storage capacity is increased
by using a concrete holder,
instead of a naturally shaped
depression. The garden area
is positioned at the bottom of
the pool. This system is used
when there is very little space
available, as costs are high
(SenUVK, 2018; DWA, 2005).

Rain Basin - A9

This system is constructed to
store water, slowly releas-
ing it to the sewage system or
following systems. As water
is not supposed to infiltrate,
a sealed layer is required. In
general, this system is not de-
signed to remove pollutants,
though sedimentation of par-
ticles can occur (DWA, 2013).

I1l. 45. Selected rainwater-management systems, used for the simulation

Source: Own Image
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>=1m
Storage Layer
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Based on DWA (2005: 25, 28)

Filter

>=1,5m

Groundwater

Based on DWA (2005: 27)
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Building

Based on Pfoser & Jenner (2014: 72f.)

Permeable Pavement - A2

On a legal level, permeable
pavements don’t qualify as
infiltration systems. Howev-
er, they allow water to infil-
trate, while providing struc-
tural support for heavy loads
(DWA, 2005). Over time, their
performance can lower dras-
tically — (Borgwardt, 2006).

Infiltration Basin - A4

Construction-wise,  infiltra-
tion basins are similar to grass
swales. Even so, they are con-
structed with higher water-lev-
els, storing more water with
less space required. The higher
amounts of water also put more
pressure on its ability to re-
move pollutants (DWA, 2005).

Infiltration Trench - A6/B6

Combining a grass swale and
an infiltration chamber, this
system provides surface and
subsurface storage. The water
arrives in the surface depres-
sion, where it infiltrates into
the storage modules. Passage
through an organic soil-layer
provides good pollutant re-
moval. A controlled discharge
can be added (DWA, 2005).

Infiltration Pit - A8

Infiltration pits are circular
shaped shafts in the ground.
Technically, its depth is only
limited by the distance to the
groundwater. Even though
it utilizes filter-layers, the
water doesn’t pass through
an organic soil-layer, lead-
ing to almost no removal
of pollutants (DWA, 2005).

Green Roof - A10

Vegetation is introduced to
building roofs, with a sub-
strate layer being the base for
any vegetation. With increas-
ing thickness of the substrate,
higher amounts of water can
be stored. However, its im-
plementation is limited by the
building’s static, and the angle
of the roof should be lower than
10 ° (Pfoser & Jenner, 2014).



Objectives

As mentioned before, objec-
tives are instructions for the
multi-objective-algorithm  to
solve and optimize for. These
set a base reference for possi-
ble results and must be chosen
in accordance with the project’s
goals. While all objectives stand
alone, they holistically affect
each other. For this project, ob-
jectives for sponge city princi-
ples are chosen (Xie et al. 2022).
Additionally, as there are land
use conflicts in dense developed
urban areas (Haaland & van den
Bosch, 2015), a fourth objective,
to reduce the used area, is in-
troduced. Details on calcula-
tions and use parameters are
shown in appendix A. The spe-
cific objectives are as follows:

(1) Water (maximize)

The total amount of water
stored, infiltrated and dis-
charged is calculated for each
individual rainwater facility and
the results summed up for a to-
tal hydrological objective value.
The calculations are based on a
rain-duration of 120min for a
5-year rain-event, leading to a
hydrological performance value
for each facility. As the algo-
rithm introduced in Grasshopper
seeks to minimize its objectives,
the hydrological performance is
multiplied with -1 to maximize
(see appendix C.4 for formulas).

(2) Pollution (maximize)

The DWA (2005: 14) classifies
infiltration systems into 5 cat-
egories according to their ability
to remove pollutants effectively.
This is used as a starting point
to classify additional rainwater
facilities and derive a pollution
score (1-5). The pollution scoreis
set in relation to the overall area
a facility handles, and all inputs
summed up as the objective val-
ue. The result is multiplied with
-1 to maximize (see appendix
C.5 for formulas and scores).

(3) Cost (minimize)

There are severe financial
hurdles when implementing
sponge city concepts (Nguyen
et al. 2019). To estimate po-
tential cost for a Sponge city
concept and minimize the fi-
nancial investment, prices for
different rainwater facilities
are collected (see appendix
C.6 for formulas and prices).

(4) Area (minimize)

As densification and conflicts
for land use become a struggle in
cities (Haaland & van den Bosch
2015), space for rainwater-man-
agement is scarce and must be
preserved as much as possible.
The simulation was designed
to minimize the land required
for rainwater-management, by
summing up all decision vari-
ables and using the combined
sum (total horizontal area in
m?) as an objective to minimize.

Constraints

The study from Xie et al. (2022)
has shown that using con-
straints improves the reliabil-
ity of calculated scenarios and
the speed of the algorithm. The
imposed constraints are based
on the mentioned study and
technical guidelines specific for
Germany. They are as follows:

(1) Maximum usable area

Based on the calculated land
use limitations for each sponge
city facility, a maximum usa-
ble area (in m?) for sponge city
programming is determined.

(2) Limited Land Use

For each individual rainwa-
ter facility, there exist physical
limits to its optimal usage (e.g.
soil infiltration rate). Based on
this, the maximum aerial ex-
tend for each facility is calcu-
lated and used as a limiter for
the decision variables in the
simulation (see chapter Spatial

Limitations, p. 64f., for details).

(3) Hydrological Target

While rainwater facilities are
commonly calculated using
an approximation method for
several rain-durations (DWA,
2005; DWA, 2006), the proposed
simulation needs a specific tar-
get value to check for. Based on
the hydrological calculations
for several rain-events, rough-
ly 50% of precipitation occurs
during the first two hours (see
chapter Hydrological Analysis, p.
38f.). Additionally, DWA (2005;
2006) suggest designing for a
5- or 10-year rain-event. Even-
tually, a 5-year rain-event with
a duration of 120min is chosen
for this project. An additional
10% in performance is chosen to
create more variety in solutions.

(4) Limit Water - roofs

The rainwater facilities A5, B6
and A8 are unable to properly re-
move pollutants from rainwater,
which may endanger ground-
water. Its use case is restricted
by authorities to only receive
lightly polluted runoff from
roofs (DWA, 2005). Additionally,
A10 (green roofs) can only re-
ceive rainwater falling on roofs.
In the simulation, the combined
hydrological performance for
these facilities was restricted
to the water received on roofs.

(5) Minimum Size

The rainwater facilities A3, A4,
A6, B6 and A9 may be designed
using a sloped pond. This slope
can be pre-determined in the
simulation but requires a mini-
mum area to be able to reach the
specified target depth. In the
simulation, the rainwater facili-
ties are calculated as a truncated
pyramid and based on this, the
possible minimum size (in m?)
calculated for a set target depth.

Mathematical expressions and

chosen values are shown in ap-
pendix C.7.
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RESULTS

OUTDOOR THERMAL

COMFORT SIMULATION

The following chapters will de-
tail the work that has been
done to produce the simulati-
ons and further specify the li-
mitations and constraints that
were applied, aswell as di-
scuss the obtained results.

Baseline Simulation

The initial simulation is used to
assess the current situation in
the area and identify hotspots
that need intervention. The ma-
terials used in the different parts
of the site are in appendix E (Il1.
1) and consist of soil, grass, cob-
blestone, concrete tiles, and as-
phalt. These are the materials
that have been documented in the
chapter, Materials, p.54f. Their
specific material characteris-
tics can be seen in appendix B.2.

As illustrated in ill. 46, the
highest temperature in the
area is measured in the cen-
tre of the district. Here, a ma-
ximum temperature of 30.82°C
is reached for the 4th of June.
Overall, the highest temperatu-
res can be seen along the Speck-
strafe and the open space in
front of the Gangeviertel. Com-
parably, the temperatures along
the office building at Brahms-
quartier and inside the narrow
pathways at Gangeviertel are
lower. The differences can be
explained with the wind enter-
ing the site with similar intensity
from east and west, resulting in
lower wind speeds at the cen-
tre of the site and reducing the
cooling effect. Additionally, the
findings from the shadow study
in chapter Shadows, p.36, sug-
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I1l. 46. Outdoor comfort simulation - Pre Design / June 04

Source: Own Image
Dataset: See Ill. 49
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gest lower temperatures in areas
with shading from buildings.
However, the outdoor com-
fort for the 10th of Decem-
ber shows average calculated
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11L. 47. Outdoor comfort simulation - Pre Design / December 10
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temperature of 4.5°C in the open
spaces of the area and 1°C war-
mer in the more protected spaces
of the Gangeviertel (see ill. 47).



Second Simulation: Targeted
Mitigation in Heat-Stressed
Areas

Using the results of the first
simulation and factoring in
the design principles shown in
chapter Design Principles, p.
69., interventions were made
to utilize Sponge City princi-
ples as a solution for issues to
thermal comfort. The inter-
ventions paid particular at-
tention to the central space in
front of the fabrique building
and along the Speckstrafle.

Design Strategy

While the first simulation re-
vealed that the cobblestone
surface contributed to elevated
surface temperatures in certain
locations, it also highlighted
that other areas, like direct-
ly along the office building in
the Brahmsquartier, are affec-
ted less severely. Therefore, as
part of the design, cobblestone
surfaces were only removed in
the areas with particularly high
surface temperatures, and the
existing pavement was retained
in the other areas, contributing
to the sustainability and bud-
getary efficiency of the project.

Surface Treatments and Mate-
rial Changes

Where possible, an increa-
se of vegetation throughout
the design has been planned,
supporting  evaporative  co-
oling and increased surface
shade, as discussed in Chap-
ter Thermal comfort, p.26.
In the areas of elevated heat, a
cooling pavement (see appen-
dix B.2) has been selected for its
improved performance compa-
red to conventional cobblestone.
However, many of these areas
had previously been simulated
with a soil surface, which, due
to its specific properties (see
appendix B.2), already performs
well in mitigating heat. As
such, replacing it with a ther-
mally improved cool pavement

only results in marginal ove-
rall improvements to surface
temperature in the areas pre-
viously covered by soil. Last-
ly, while water is introduced to
the project site, it is not meant
to be store over extended pe-
riods of time and therefore not
considered as a cooling factor.
Results

While a small reduction in sur-
face temperature, especially in

N2 L

the hottest areas, can be obser-
ved, the overall impact of the
intervention is relatively mo-
dest, with a temperature re-
duction of about 1-3°C. Most
notably, the maximum tem-
peratures of the open space
at Gdngeviertel have been re-
duced, better connecting the
north and the south thermally.
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111. 48. Outdoor comfort simulation - Post Design / June 04

Source: Own Image
Dataset: See Ill. 49
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111. 49. Outdoor comfort simulation - Post Design / December 10

Source: Own Image
Datasets:

Buildings - Freie und Hansestadt Hamburg, Landesbetrieb Geoinformation und Vermessung (2024), dl-de/by-2-0 (http://
www.govdata.de/dl-de/by-2-0), [URI] https://daten-hamburg.de/opendata/ALKIS_ Liegenschaftskarte/ALKIS_ Liegenschafts-
karte_ausgewaehlteDaten_HH_ 2024-10-05.zip (Accessed 14.02.2025)

Roads - Freie und Hansestadt Hamburg, Behorde fiir Verkehr und Mobilitdtswende (2022), dl-de/by-2-0 (http://www.govdata.
de/dl-de/by-2-0), [URI] https://daten-hamburg.de//infrastruktur_bauen_wohnen/feinkartierung_ strasse/Feinkartierung__

Strasse_ HH_ 2022-03-25.zip (Accessed 14.02.2025)
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SPONGE CITY-OPTIMIZATION

Spatial Limitations

pecific physical and regula-

tory constraints are in place,
that limit the use of rainwa-
ter-management systems over
others. For details on the used
rainwater-management  Sys-
tems, refer to chapter Meth-
ods, p. 60. On the one hand,
the spatial limitations served
as a numerical constraint for
the maximum possible surface

. All infilt. systems

i

[l 26, B7

area that the different rainwa-
ter-management systems could
occupy, on the other hand, they
were used as strategic design
guidance for the possible place-
ment and dimensioning of rain-
water systems (see Ill. 50-53).
To investigate the possible us-
age of infiltration systems, DWA
(2005) suggests considering the:

R

VR W

Infiltration rate (kf) and
homogeneity of the existing
soil

Distance to groundwater
and direction of flow
Topography

Soil pollution

Water protection areas

Details in chapter Hydrological Analysis,
p. 38f., and Soil Analysis, p. 40

I1l. 50. Spatial limitations for Infiltration Systems, 1:2000 - A1/
A3/A4/A5/B5/A6/B6/A7/B7/A8

Source: Own Image
Dataset: See Ill. 53

. A10 - Potential

Already greened

+ Underground parking

o

Ill. 52. Spatial limitations for Green Roofs, 1:2000 - A10
Source: Own Image
Dataset: See Ill. 53
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I1l. 51. Spatial limitations for Rain Basins - A9

Source: Own Image
Dataset: See Ill. 53

A2

@ Fire areas

B
5100 m’

I1l. 53. Spatial limitations for Permeable Pavements, 1:2000 - A2
Source: Own Image

Datasets:

Buildings - Freie und Hansestadt Hamburg, Landesbetrieb Geoinformation und
Vermessung (2024), dl-de/by-2-0 (http://www.govdata.de/dl-de/by-2-0), [URI]
https://daten-hamburg.de/opendata/ALKIS_ Liegenschaftskarte/ALKIS_ Liegen-
schaftskarte_ausgewaehlteDaten_HH_ 2024-10-05.zip (Accessed 14.02.2025)



The distance to groundwater is high at 8,2m,
not limiting any infiltration. Moreover, there is
no evidence of soil pollution and no water pro-
tection area implemented for the site. However,
while the infiltration rates are good according to
public data, talks with a local revealed difficult
soil conditions for the historical area of the Gan-
geviertel (see appendix A). This limits infiltration
to using systems with additional drainage. The
topography also suggests limited use of surface
infiltration in the western part of the site, as wa-
ter naturally collects
in the eastern part.

Average
Additionally, to prevent ® 206 a2
damage to buildings @ os63 o065

statics of a building must be checked to withstand
the additional weight (Pfoser & Jenner, 2014).

Result-Matrix

The simulation returned 53.691 valid results,
based on the set objectives, parameters and con-
straints presented in the chapter Sponge City
Optimization, p. 59ff. The results represent a
combination of different rainwater management
systems with a related numerical value for the

suggested spatial ex-

tend. All scenarios offer

h r . . differences respective
i 2 = & to the set objectives
0526 0388 0,695 0,666 (Pollutant removal,

and water inundation O 125.000 162.000 109.000  98.000 173.000  170.000 Cost-effectiveness and
into basements, infil- O w0 s w9 ok 786 2 Area-effectiveness). As
tration systems should a baseline, all scenari-
be constructed at a os had to meet the hy-
c_learance of at 1e_asf[ 1,5 A1 alalalal |- drological performance
times of the buildings e standards to be valid.
sole depth. Though, A o o o0 o0 35 o0 Ultimately, the differ-
this only applies to ent calculated scenari-
buildings that are not A3 o o o o0 0 o os serve as guidance for
constructed watertight the spatial possibilities
(DWA, 2005). See ap- AL 38 39 38 38 39 37 a site offers regarding
pendix C.7 (table 7) for rainwater management
a visual representa- A5 0o o o o o0 o '

tion. For this purpose, Out of the pool of valid
the southern building mfiltion harer o o o o o0 o scenarios, three av-
of Brahmsquartier was erage scenarios were
assumed to be Water— Infiltration Trench 69 68 75 46 68 66 taken ]'nto ConSIdera_
tight, due to its deep  B6 tion for further design
underground  garage, nfitration Trench ELJN 112 [CRENY 106 | 132 investigation, with the
while the sole depth first one shown ul-
of Géngeviertel was whil, S e N R I timately creating the
assumed to be at 2m B7 base for the design

Rain Garden 0] (0] (0] (0] 0 (6}

below the surface. In
general, a distance of
at least 2m to all build-
ings was chosen as a

(Discharge)

Infiltration Pit

0 0

0
Ra{é}gsin 41 145 ©

proposal. Additionally,
three scenarios most
suitable for one re-
spective objective are

0 0 (0]

&° o
minimum for all sys- shown as a reference.
tems to ensure enough ..... Though the numerical
. A10 2 1]561]1 20 e - .
space for technical Green Roof | 2313 spatial extents differ
SOlUtiOl’lS, if needed. 11l. 54. Result from the multi-objective optimization for the spatial extend of between the simulat-

numerous rainwater-management systems [in m?]

Source: Own Image

Lastly, the information

mentioned above don’t apply to A2 - Permeable
Pavements, as they are not referred to as infiltra-
tion systems in a legal sense. However, sufficient
paved area must be available for fire trucks, mak-
ing permeable pavements useable here. Fire trucks
are required to have 5,5m of clearance to operate
(Freie Hansestadt Hamburg, 2009). Another op-
tion here are subsurface systems, like A5 - In-
filtration Chambers. Also, A10 — Green Roofs are
limited to roofs at an angle lower than 10° and the

ed scenarios, the pre-
sented results in gen-
eral suggest a combination of A4 - Infiltration
Basin, A6 - Infiltration Trench, B6 - Infiltration
Trench with discharge, A9 - Rain Basin and A10
- Green Roof (see ill. 54). It must be said that,
due to the high number of calculated scenarios,
the ultimate choice of the respective scenario is
made by the designer and their goals in mind.
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SUMMARY OF INSIGHTS

his summary aims to com-

pile the findings of the
chapter  Theoretical = Back-
ground, p. 20, Site Context and
Analysis, p. 32 and Methods,
p. 56, and give an overview of
findings for the Design pro-
posal in the following chapter.

The focus of this thesis is to
rethink urban design and show-
case how Sponge City principles
and microclimate simulations
can be meaningfully integrated
into the early stages of a de-
sign. Starting with the choice
of the site, the Gangeviertel and
Brahmsquartier was intentio-
nal, a site shaped by grassroots
activism and with ongoing ten-
sion between old and new. The
site offers a testbed to demon-
strate how climate-resilient de-
sign can be integrated in small
urban spaces, while suppor-
ting social activities. Howe-
ver, for a final proposal, many
steps had to be considered:

Theory

Based on the theory, 3 main pil-
lars are derived for the subse-
quent design proposal and work-
flow established (see chapter
Theoretical Background, p.20):

1. Sponge city principles

Managing stormwater locally
through nature-based solutions
by using concepts like permeab-
le pavements, green roofs, and
local water retention enhances
climate-resilience and reduces
hydraulic stress on sewage sys-
tems. As a side-effect, additional
vegetation and water is introdu-
ced to a local site. However, si-
te-specific physical limitations,
budget constraints, legal limits
and the wishes of actors must
be taken into consideration.
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2. Urban Heat mitigation

Surface materials, vegetation,
water bodies, and geometry can
have a severe impact on a local
climate. As high temperatu-
res negatively affect pedestrian
comfort and their perception
of space, factors like shading,
evapotranspiration from vege-
tation, ventilation and material
properties can be adjusted to
improve thermal accessibility.

3. Performance-based design
thinking

Including environmental per-
formance into the early design
stages to make designing more
calculated, knowledge-ba-
sed, and efficient. It is meant
as a tool to support decision-
making, enhancing the archi-
tect's judgement and helps
in investigating the designa-
ted design space more quickly.

Following these theories of-
fered a substantial framework
on how Sponge City principles
and pedestrian outdoor com-
fort show synergies and can be
utilized as part of a holistic,
climate-adapted urban design.
As such, possible design tools
and interventions were recog-
nized and evaluated using a
performance-based approach.

Analytical Foundation

Sheltered from its surroun-
dings, the heavily pedestrian-
frequented area is already well
visited, but people tend to lea-
ve, rather than stay. The sout-
hern area at Brahmsquartier is
thereby used to cross the site.
In part, this is certainly due to
the lack of activity in the space
and splitting of the site by the
privately owned Speckstrafle. It
runs across the site, giving ac-
cess for emergency vehicles, but

also resulting in a fragmented
urban space. A walk through
the site unveiled the contrast of
a layered quarter, shaped by a
rich history and a strictly mo-
dern, minimalistic counterpart.

As part of implementing Sponge
City principles, the project site is
highly limited by a lack of space,
but its conditions of the under-
ground. The two-story under-
ground parking, in combination
with partially restricted soil in-
filtration and complex topogra-
phy, make water management
difficult. Despite this, good ther-
mal conditions are for the most
part provided in shaded areas,
with specific attention to be
paid on the central open space.

Together, these factors informed
the need for targeted interven-
tions that could address water
management, thermal comfort,
and spatial cohesion for a bet-
ter-connected environment.

Methodological Integration

Two simulations were con-
ducted and integrated into the
well-tested Integrated Design
Process (IDP). These include
(see chapter Methods, p.56):

1. Outdoor Thermal Comfort
Simulations to identify zones
of different thermal comfort

2. Sponge City Optimization
to identify possible soluti-
ons for integrating rainwa-
ter-management  systems

The results of these simulations
actively guided the design pro-
cess and ultimately, the outdoor
thermal comfort simulation was
used to evaluate the new de-
sign’s thermal performance.



I1l. 55. Central plaza and fabrique building at Gangeviertel
Source: Own Image

From knowledge to design

Now that the multi layered un-
derstanding of the site, groun-
ded in climate data, spatial logic
and ecological theory has been
set, this knowledge can be ap-
plied to produce a prototype
that brings mere ideas to life.
Starting with the project‘s vi-
sion for the site, the following
chapters will detail the design
concept and end with the spon-
ge city toolbox, offering gui-
dance for other projects aiming
to improve urban resilience.
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DESIGN
PROPOSAL

68  Re:Hydrate

VISION

he design proposal envisions

to transform the internally
disconnected Gangeviertel and
Brahmsquartier into a single,
cohesive, climate resilient and
human scaled urban space. By
optimizing the implementation
of Sponge city principles and
using microclimate simulations
during the early design stages,
this project aims to balance the
rich history of the site with fu-
ture oriented ecological perfor-
mance. Multifunctional green-
spaces should aid in creating
thermally comfortable space by
replacing underutilized, sealed
and oversized open areas, as
well as reduce the dominance
of large-scale structures. A re-
alignment of the central main
plaza towards the culturally
engaging Gangeviertel further

aims to allow the site to live up
to its position as a vibrant node,
increasing not only walkabili-
ty but also social interaction.

This project further destines to
showcase how sponge city prin-
ciples can be applied on a small
scale in urban areas, allowing
Hamburg'‘s broader green net-
work to be expanded in smaller
interventions. Eventually, the
project aims to contribute to a
liveable, environmentally re-
sponsive and socially just future.



DESIGN PRINCIPLES

Strengthen the connection
between Brahmsquartier and
Gdngeviertel

Create a unified and intentional
public space by designing a co-
hesive layout that fosters inter-
action between the two areas
and mitigates the visual and
physical barrier of Speckstrafle.

Implement sponge city prin-
ciples

Reduce pressure on the exis-
ting water infrastructure by
incorporating Low Impact De-
velopment (LID) tools within
the design, enabling decentra-
lized rainwater management.

Rethink play elements
Encourage play and social
interaction by making play ele-
ments an integrated part of the
design rather than standalone
features.

Design flexible spaces

Design places that serve multip-
le purposes to maximize space
efficiency and accommodate
the changing needs of the site.

Increase the impact of the
Gdngeviertel on the whole
project site

Increase the attractiveness and
character of the site by setting
the fabrique building as the
focal point of the main plaza,
both visually and experiential.

Improve thermal comfort

Improve the user experience in
heat events using cooling ma-
terials and diverse vegetation.
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Ill. 56. Green thread
Source: Own Image

A Green Thread connects the site and acts as a
visual axis
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I1l. 58. Thermally connected space
Source: Own Image

A Thermally Connected environment creates
a continuous comfortable space for people to
access

Ill. 60. Linking old with new pavement
Source: Own Image

Linking Pavements to utilize properties of dif-
ferent materials for zoning and improvements
to thermal comfort
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Ill. 57. Central flow of water
Source: Own Image

The idea of a Central Flow mimics a river-like
environment for managing water

Leisure

Water

II. 59. The idea of multifunctional design
Source: Own Image

Multifunctional Design activates space for
purposes outside of water-management

Ill. 61. Adaptation of familiar wayfinding
Source: Own Image

Familiar Wayfinding to make use of existing,
historically developed routes



CENTRAL

Crossings A

ZONING

For the newly developed de-
sign, the space has been
remodelled, while supporting
existing programming and sus-
taining wayfinding. The histori-
cal part of Gangeviertel features
minimal design intervention to
give space for the diverse cultu-
ral programming. The backbone
of the design is the meandering
natural green connection, visu-
ally connecting the part of the
historical Gdngeviertel to the
Brahmsquartier and the pro-
ject’s site centre. Smaller green

Pedestrian flow

‘ >
-
-

retenﬂon

'

Pedestrian flow

, " -
’ Water infiltration

Ill. 62. New zoning for the site of Gdngeviertel

Source: Own Image
Datasets:

Buildings - Freie und Hansestadt Hamburg, Landesbetrieb Geoinformation und Ver-
messung (LGV) 2024, dl-de/by-2-0 (http://www.govdata.de/dl-de/by-2-0), [URI] https://
daten-hamburg.de/opendata/ALKIS_ Liegenschaftskarte/ALKIS_Liegenschaftskarte aus-
gewaehlteDaten_HH_ 2024-10-05.zip (Accessed 14.02.2025)

islands soften the sharp built
environment and shape smal-
ler spaces that invite to stay.

At the same time, the green
thread supports the hydrological
management at the site. Based
on the results from the chap-
ter Sponge City Optimization,
p. 64f., a connected central wa-
ter-management is established.
Two rain basins with a capacity
of 45m’® are connected for sto-
rage space, with the later slowly
discharging into an infiltration

basin able to store 40m? of water.
From there, water can infiltrate
or be discharged into the sewa-
ge system in emergencies. The
concept is accompanied by in-
filtration trenches, lowering the
total load on the central stream,
while offering multifunctional
usage during a dry period. A
final assessment of the design
can be found in appendix D
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SECTION

Brahmsquartier 6,5m

A

Underground
parking

om | 3m | 13m | 8m |

IIl. 63. Section A-A’ - Design

Source: Own Image

Section A-A’

Section A depicts the topogra-
phy that gives the central area
of the site its character. Whi-
le the area is generally drop-
ping from west to east, it is also
sloping from south to north to
allow the water, allowing water
to flow from one retention ba-
sin into the other as a connec-
ted system. Besides the purpose
of the basins to hold back wa-
ter, they serve several additio-
nal purposes. Inside the basin,
several steppingstones, situated
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on different levels in between
varying vegetation, create in-
timate spaces for the users in
the area. Bridging the height
gap between the Brahmsquar-
tier and the Gangeviertel, a hill
marks the end of the southern
basin and simultaneously all-
ows for visitors to lay, sit and
be entertained in regularly held
events at the Gangeviertel.



7.5m

Section B-B’

Section B illustrates a narrow
section of the meandering re-
tention river. Highlighted here
is the jump in heights given
through the existing conditions
Farbrique of the site from north to south,
resulting in a steeper drop to-
wards the residential building
in the south. Similar to the ba-
sins shown in Section A, the ri-
ver also has a multifunctional

A(

design. Here, play elements for
children allow to play along the
green spine even while the ba-
sin holds low levels of water.
Stepping trunks can be used
along a bigger play path to cross
the river on multiple occasions.

Residential 4m [2m| 7m | Residential

building

NS

NN

I1l. 64. Overview of Sections - Design

Source: Own Image

Datasets:

Buildings - Freie und Hansestadt Hamburg, Landesbetrieb Geoinforma-

tion und Vermessung (2024), dl-de/by-2-0 (http://www.govdata.de/dl-de/
by-2-0), [URI] https://daten-hamburg.de/opendata/ALKIS_ Liegenschafts-
karte/ALKIS_ Liegenschaftskarte_ausgewaehlteDaten_HH_ 2024-10-05.zip
(Accessed 14.02.2025)

Roads - Freie und Hansestadt Hamburg, Behorde fiir Verkehr und Mobilitdts-

building

wende (2022), dl-de/by-2-0 (http://www.govdata.de/dl-de/by-2-0), [URI] IIl. 65 Section B-B’ - Design

https://daten-hamburg.de//infrastruktur_bauen_ wohnen/feinkartierung__ Source: Own Image

strasse/Feinkartierung_ Strasse_ HH_ 2022-03-25.zip (Accessed 14.02.2025)
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Valentinskan

MASTERPLAN

To reduce the separating im-
pact of the Speckstrafle and
connect the Gangeviertel area
with the Brahmsquartier, a
green thread, that retains wa-
ter in case of extreme weather
events, is meandering like a ri-
ver through the site, acting as
a zipper that ties the area to-
gether. This meandering river
opens on each peak of a sweep
to transform into a multifunc-
tional space, both for addi-
tional water retention but also
as a recreational space in the
centre of the area. At the sou-
thwest entrance of the site, a
small plaza invites visitors to
stay. The northwest corner. of
the site features a playground
integrated into the meandering
river concept allowing for play
in the green. Aligning with the
previous flow and heat island
analysis, the original pavement
is stretching through the area
along the office buildings from
west to east and up into the
cultural site of the Gangeviertel.
Here, a minimal intervention,
except for the installation of a
movable green shading system,
allows for a flexible use of the
space as an area for markets and
events. Further east, the new
urban gardening has been pla-
ced, intended for the local com-
munity to work together. Water
from roofs is harvested in tanks,
that can be used for the garden.
The east entrance of the site is
the lowest point of the site and
thereby used as the final basin of
the central water flow. Here, an
infiltration basin is used to re-
move pollutants, while an emer-
gency discharge improves per-
formance for heavy rain-events.

— e

-addd

;|

Scale
1:500

I1l. 66. Masterplan of Gingeviertel, 1:500

Source: Own Image

Datasets:

3D-Buildings (Changed).- Freie und Hansestadt Hamburg,
Landesbetrieb Geoinformation und Vermessung (2023), dl-de/
by-2-0 (http://www.govdata.de/dl-de/by-2-0), https://
daten-hamburg.de/opendata/3d_ stadtmodell_lod3/LoD3-
HH_ Areal_2023_12_14.zip(Accessed 17.02.2025)
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[ISOMETRICS

11l. 67. Detail Isometric A - Multi-functional Rain Basin
Source: Own Image
Dataset: See Ill. 69

Isometric A

he space at Gdngevier-

tel is already limited by the
building density in the area. As
such, the goal has been to in-
tegrate the rainwater-manage-
ment into the cultural usage of
the historical site. The square at
Gangeviertel has been identified
as thermally uncomfortable on
hot summer days yet offering
plenty of open space for water
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elements and vegetation to im-
prove on temperatures. How-
ever, as the space is currently
used for urban gardening and
otherwise utilized as an event
area, reserving the space solely
for managing rainwater would
hinder its cultural purpose. For
this reason, the design present-
ed introduces a rain basin with
a volume of 45 m’ (see appendix

D.2, Rain Basin 2), accessible via
stepping stones. Similar to the
Rain Basin at Brahmsquartier,
these stones afford daily leisure
activities and the placement of
objects like planters. Addition-
ally, some stones have been
placed to provide stable footing
for the construction of scaffold-
ings in the case of an event.



Isometric B

The existing pavement has been used as
a character for already thermally com-
fortable areas. In thermally uncomforta-
ble areas, a new, light and cool pavement
is used to reflect radiation. The contrast
in colour also aids in wayfinding, as the
darker pavement indicates the more ur-
ban, unnatural environment, while the
lighter pavement is used for the central
green thread. On top, several green is-
lands are placed throughout the side, to
mimic walking through a flowing, nat-
ural landscape. As part of the sensation,
the islands are different in topography.
Due to the proximity of the underground
garage, this also gives the newly intro-
duced trees and other vegetation more
room to grow and thrive.

Isometric C

The narrowness and difficult soil con-
ditions of Gangeviertel limit the imple-
mentation of rainwater-management
systems. In addition, regular events re-
quire space for visitors and the installa-
tions necessary for the various types of
events. Taking this into consideration,
the narrow passages at Gangeviertel are
fully paved, using the retrieved dark
pavement from Brahmsquartier. Rainwa-
ter is instead guided to the central system
of basins. This enables people to integrate
their own desired programming and use
space flexibly. From a talk with a local
citizen, it was revealed that the people
involved a lot of times recycle things if
needed and craft new installations them-
selves (see appendix A). As such, planters
can be wall-mounted, using cheap ma-
terials and directly receive runoff from
roofs. Finally, lightly vegetated canopies
are installed and can be moved freely
along wall-mounted pipes. Especially on
hot summer days, additional shading can
create a cool island inside Gangeviertel.

11l. 68. Detail Isometric B - Landscape structure
Source: Own Image
Dataset: See Ill. 69

I1l. 69. Detail Isometric C - Gangeviertel event area

Source: Own Image

Datasets:

3D-Buildings (Changed) - Freie und Hansestadt Hamburg, Landesbetrieb Geoinformation und Ver-
messung (2023), dl-de/by-2-0 (http://www.govdata.de/dl-de/by-2-0), https://daten-hamburg.de/
opendata/3d_stadtmodell_lod3/LoD3-HH_Areal_2023_12_14.zip (Accessed 17.02.2025)
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I11. 70. Detail plan of Rain Basin at Brahmsquartier, 1:200

Source: Own Image

Datasets:

3D-Buildings (Changed) - Freie und Hansestadt Hamburg, Landesbetrieb Geoinformation und Vermes-
sung (2023), dl-de/by-2-0 (http://www.govdata.de/dl-de/by-2-0), https://daten-hamburg.de/opendata
/3d_stadtmodell lod3/LoD3-HH_ Areal_2023_12_14.zip (Accessed 17.02.2025)
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DETAIL

Il. 70 highlights the centre

of the Brahmsquartier. This
space acts as a node of move-
ment and rest. The central plaza
can be used by the residents and
workers of the office positioned
in the south during breaks and
times of leisure. The outdoor
seating of the local cafe acti-
vates the area additionally. The
centre of the site is a generous
water retention area, designed
with a storage capacity of up
to 45 m’ (see appendix D, Rain
Basin 1) that features lush vege-
tation to create intimate seating
in different elevations along the
retention space. Further to the
north, this water storage area is
confined by a hill which is ori-
ented towards the Gangeviertel
event space and can be used to
relax and lay on but also acts as
an additional seating option for
big events hosted in the area.

Scale
1:200
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PERSPECTIVE

his perspective (see ill. 71)
views from the lowered posi-
tion at Speckstrafe onto the new
greenspace at Brahmsquartier,
looking in the southwest direction.

The hill site, that has been men-
tioned in the chapter Section, p.
72f., offers a place to relax in the
shade under the trees. The va-
rying topography allows for dif-
ferent atmospheres at the site.
Moreover, the increase in soil
gives additional space for trees
to grow. As Balder et al. (2018)
suggested, enough space for root
growth can reduce maintenan-
ce costs for destructed pavement
and structures in the long run.

Behind the hill, the illustra-
tion depicts the situation of the
water retention area currently
being filled from a recent heavy
rain-event. Therefore, the at-
mosphere of the site can vary in
character, depending on the we-
ather conditions. Further in the
back, the outdoor seating from
the restaurant has now been fra-
med by vegetation, creating a
more intimate place that invi-
tes to stay and interact socially.
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SPONGE CITY TOOLBOX

egetation is one of the most

dominant factors in re-
ducing local heat through an
improvement in evapotran-
spiration. This effect can be
strengthened by increasing the
density of green space (Jansson
et al., 2007; Perini & Maglioc-
co, 2014). In that sense, trees
are most effective in improving
thermal comfort by providing
huge surface areas for evapo-
transpiration, in combination
with shading, which lowers
temperatures of surrounding
surfaces (Hiemstra et al. 2017).

Sponge City tools allow to uti-
lize and harvest rainwater local-
ly, using natural processes and
leading to a removal of paved
areas. As such, tests on trees
in rainwater-management Sys-
tems have shown tremendous
success, as growth of these trees
was twice as fast as trees with
less access to water (Grey et al.,
2018). Open soil shows higher
soil-moisture contents, leading
to a better availability of water
for vegetation and increasing
the effect of evapotranspira-
tion. While being slightly less
effective, permeable pavements
are a good alternative for spac-
es that need to be paved (Fini et
al., 2017). Here, designer must
be wary, that giving vegetation
room to grow prevents the phys-

82 Re:Hydrate

Part of the outcomes of this project is not only to pose a design proposal for the
project site, but also to offer guidance on how certain Sponge City tools can be used
in other projects, with conditions that might differ from the ones in the current

project area. These tools are linked to their:

O Hydrological performance in relation to the space needed

Q Ability to remove pollutants
O Cost-Effectiveness

O Effect on thermal Comfort

Higher is better

These scores are based on the calculations and used inputs collected for the Sponge
City simulation (see appendix C.4 - C.6). Additionally, based on the collected
information on measurements to enhance microclimate, their respective effect on

thermal comfort at pedestrian level is evaluated (see appendix C.8 for details).

ical destruction of pavements in
the long run and reduces cost
for maintenance (Balder et al.,
2018). However, bad local soil
conditions and waterlogging
in facilities that receive high
amounts of water (e.g. infil-
tration basins, rain basins) can
potentially harm trees (Grey et
al., 2018). In hindsight, DWA
(2005; 2013) suggests water to
be stored only for short amounts
of time to mitigate re-sedimen-
tation and clogging of soil. In
connection, findings suggest
that the positive effect of small
open waterbodies on thermal
comfort is limited by an in-
crease in air-humidity, making
it a rather aesthetic choice, yet
potentially limiting tree growth
(Teshnehdel et al., 2022).
Instead, infiltration trench-
es and rain gardens can be
equipped  with  subsurface
drains, being used when infil-
tration rates of the subsequent
soil are low and waterlogging
occurs. On the other hand, Pal-
lasch et al. (2016) introduced a
technical variant for these sys-
tems, that keeps water availa-
ble for trees underground, even
during extended dry periods.

When horizontal space is scarce,
there are several facilities that
can be placed subsurface. Yet,
their ability to remove pollut-

ants is unsatisfying and mi-
croclimate is not affected by
the processes mentioned. Their
contribution restricts to im-
proving local groundwater res-
ervoirs (DWA, 2005). Instead,
green roofs utilize already oc-
cupied building space, while in-
tegrating more green space and
reducing the energy-demand of
buildings. For additional green
space, green facades are shown
to be more effective for pe-
destrian thermal comfort than
green roofs due to being placed
at pedestrian levels (Pfoser &
Jenner, 2014; Perini & Maglioc-
co, 2014). Temperatures along
these facades can be reduced by
up to 1,3 °C (Wong et al., 2010).
However, the hydrological per-
formance of these systems has
shown to be limited, com-
pared to subsurface systems.

Cisterns are a good comple-
mentary tool to reduce the use
of fresh water. Even so, the
immediate impact on thermal
comfort is low and hydrological
performance uncertain, due to
not emptying out after a rain-
event (DIN 1989-100:2022-07,
2022). Yet, harvested water
used for gardening and vege-
tation complements a holistic
local treatment of rainwater.
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Ill. 72. Sponge toolbox with comparison of different tools regarding their cost and different perfor-
mance factors
Source: Own Image (see appendix C for details) Re: Hydrate 83



EPILOGUE
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CONCLUSION

his thesis set out to chal-

lenge conventional planning
approaches and improve climate
resilience and pedestrian com-
fort through the integration of
Sponge city principles. Given
the increasing complexity and
requirements on urban design,
the integration of microclima-
te simulations and sponge city
optimization in the early design
stages has proven valuable in
supporting more informed de-
cision-making. Using the Gan-
geviertel and Brahmsquartier as
a case study, this thesis show-
cases how climate adaptation,
cultural heritage, and a human-
centred design can be developed
in a small-scale urban context,
contributing to a slowly growing
network of urban resilience. By
utilizing microclimate simulati-
ons and optimization for sponge
city tools, the presented iterati-
ve workflow can effectively pro-
duce a design proposal that is
founded in measured scientific
data, rather than architectural
intuition, offering a replicable
standard for microclimate per-
formances in a design. By do-
ing so, this project managed to
identify and explore site-spe-
cific limitations for the imple-
mentation of a local rainwa-
ter-management. Identifying
limitations is not only helpful
in generating valid possible de-
sign solutions, which can then
be discussed internally, but also
guide the architect‘s decision-
making. Here, the computer-
aided approach helps in inves-

tigating the project-specific
design space more effectively,
narrowing down possible solu-
tions and testing assumptions
with real-world implications.
While the project evolves and
decisions are made, parame-
ters, such as materials or the
depth of rainwater-manage-
ment systems, can be adjusted
accordingly. Moreover, by as-
sessing the possibilities for the
implementation of Sponge city
principles, synergies with ther-
mally uncomfortable areas can
be assessed and attention put
towards these areas. Ultimate-
ly, using the site of Gangeviertel
as a case study, this project has
provided insights on how archi-
tects can effectively make deci-
sions on complex interactions
between managing rainwater
and creating thermally comfort-
able space, while considering
social aspects and aesthetics.

As cities around the world con-
tinue to require climate adap-
tation in increasingly urbani-
zed areas, the outcomes of this
thesis underscore how sponge
city principles, coupled with
microclimate simulations can
be investigated for their speci-
fic context and synthesised in
compact urban spaces to en-
hance resilience and pedestrian
comfort. Moreover, the introdu-
ced sponge city toolbox provides
a first foundation for upcoming
projects, promoting initial ideas
and guiding decision-making.



REFLEGTION

During this project, the inte-
gration of sponge city prin-
ciples and microclimate simula-
tions early in the project led to
meaningful results, providing a
framework for the design pro-
cess and references to meet set
performance standards. This
ensures that future projects
have a meaningful impact and
truly improve aspects like ther-
mal comfort for pedestrians and
water management. That being
said, several limitations and
insights were recognized du-
ring the process of designing
that should be reflected and are
important to be acknowledged.

One critical aspect is the already
mentioned simplification and
generalization of the simulati-
ons. This is true for the sponge
city optimization, as most ob-
jectives had to be abstracted and
the hydrological performance
was set to fixed values. Addi-
tionally, limitations on hard-
ware caused crashes and limi-
ted the amounts of details for
the performed simulations. As
an example, geometry had to be
simplified for the microclimate
simulation, and material con-
ditions for the urban landscape
and surrounding building were
left out entirely or homogeni-
zed. Even still, depending on
the details used, either simula-
tion could take up several hours.

Regardless, as also suggested
by @stergard et al. (2016), the
amount of available data was
limited. Uncertainties arose re-
garding specific thermal pro-
perties of materials at the site,
or detailed soil conditions, ne-
cessary to evaluate infiltration
performances. Ultimately, this

led to assumptions as a base for
decision-making, which might
be part of the reason why even
after integration of sponge city
principles, only a marginal tem-
perature difference could be si-
mulated. Incorporating perso-
nal experience, combined with
on-site knowledge, can enhance
the process of decision-making
and reduce false assumptions.
An example are the conversati-
ons with Martin from the Bau-
kommission, who provided in-
sights on the bad quality of the
soil, that previously wasn’t re-
cognized by the available data.

As such, the outcome of the in-
troduced simulations should
always be interpreted critically
and reflected upon. Even with
good input data available, the
simulation models itself are
only abstract representation of
reality, as uncertainties outside
of their capabilities exist (@ster-
gard et al., 2016). Still, there
is more to a good design than
meeting performance standards
and architects should consider
the full, non-simulated pic-
ture, when making decisions.
Concludingly, while simulati-
ons and data analysis are va-
luable tools in designing resi-
lient urban spaces, they are only
one part of the puzzle and can-
not substitute for local exper-
tise and site-specific insights.
Especially when dealing with
historically layered sites like the
project site, lived experience is
the key to making great design.
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APPENDIX

APPENDIX A:

CONVERSATION WITH MARTIN

Appendix A, Core information's derived from a conversation with
Martin, Part of the “BauKommission/ Gdangeviertel Assossiation
2010 eG) from 27.03.2025, translated from german into english:

The project follows a do-it-
yourself (DIY) approach and
emphasizes sustainability in
outdoor spaces, experimen-
ting with recycled materials
such as repurposed bathtubs
for facade greening. Work
is carried out by volunteers
and with a limited budget.

Challenges related to green
spaces include poor water in-
filtration due to compacted
soils from historical cons-
truction, and subsoils made
mostly of rubble, making deep
digging difficult. High foot
traffic also hampers the fea-
sibility of long-term gree-
ning, as the neighborhood sees
heavy daily visitor numbers.

Legal and financial cons-
traints stem from the buildings
being financed as social hou-
sing through the Integrated
Development Concept (IEK),
which restricts the budget.
Greening features like solar pa-
nels, facade greenery, and cis-
terns are often envisioned but
rarely affordable. There are also
conflicts with the district of-
fice over safety requirements
(such as fall protection and
fire safety), which are diffi-
cult to integrate into the pro-
ject and are often too costly.

Given that renovations will
continue for another 10 to 15

I Re:Hydrate

years, temporary and mobile
greening solutions are priori-
tized. These include movable
trees in heavy-duty grid bo-
xes to allow flexible responses
to construction and events.

Neighborhood relations pose
another challenge: the buil-
ding opposite the vacant lot is
a high-end office space owned
by Allianz, and the adjacent re-
sidential buildings are privat-
ely owned condominiums. The
surrounding street area, inclu-
ding the underground garage,
is private property. Despite the
street having potential as a sha-
red green or communal space,
the property owners show no
interest in cooperation, citing
concerns about noise and use.
Their property rights give them
final authority, further hinde-
ring collaborative development.

The project remains commu-
nity-driven, with strong pu-
blic involvement. Dialogues
with the district office are held
as needed to reconcile regu-
lations with local conditions.

Upcoming projects include a
waste collection house at the
Family House, a mural with
potential facade greening via
planters (still one of seve-
ral ideas), a steel platform at
the “Speckstrafle” building,
a 10,000-liter cistern collec-

ting roof rainwater to irriga-
te outdoor areas—particularly
the mobile trees—and the use
of IBC containers for manu-
al water storage and irrigation.



APPENDIX B.1 COOLING PAVEMENT

- Chip/slurry seal

gregate layers

by up to 0.20

Retro-fitting
possible

with age and soiling

. Coolin - Limitations
Pavement Type Mechanism Potentigal Key Benefits Challenges / Sources
Simple imple-
Increase surface al- |Lowers surface |mentation; Sig- |Potential glare; May |Qin, 2015;
Reflective Pavements bedo to reflect more |temp. by 10-15 |nificant Reduc- |increase surrounding|Yang et al.,
solar radiation °C (Qin, 2015) tion in surface building temps. 2015
temps.
Light-coloured ag- |Increase albedo Cost-effective; Albedo degrades Levinson &

Akbari, 2002

- Reflective Concrete

White cement and
slag-based mixes

Increase albedo
by up to 0.80

Long-lasting;
Durable

Limited flexibility;
High costs

Levinson &
Akbari, 2002

Enhance evaporation

Cools both,

Requires mainte-
nance to prevent

acrylic matrix

isting asphalt

precision application

Evaporative/ through water re- Lowers surface |surface and air; clogeing: Mav not Haselbach et
Permeable Pavements tention and perme- |temp. by 4-12 °C |Reduces water .g% E; yff. al., 2011
ability runoff suit heavy traftic
areas
Absorbs latent heat Reduces heat Maintains lower ]agiiigeéoclig;r%
Phase Change Material during phase tran- ; : surface temps. e ] Wang et al.,
Jon " build-up during | compatibility with
(PCM) Pavements sitions (e.g. melting without external ; 2022
araffin) peak hours enerev input asphalt remain chal-
p gy 1np lenges
Coatings with .. |UV degradation,
Polymer-Based NIR-reflective nano-|Lowers surface itjrgnt%tgloe og)neg),(_ adhesion issues and |Wang et al.,
Reflective Coatings particles in epoxy/ |temp by 8-20 °C P high cost require 2022

Changes albedo with

Variable change

High cost, photo-
degradation and

quality

high-load surfaces

Thermochromic temperature (higher " Adaptation to Karlessi et
. . - |(Difference of up strength loss when
Coatings in summer, lower in 3 seasonal changes | : al., 2009
3 to 6 °C) integrated into con-
winter)
crete
. B ) Improves ther- |Requires space,
Nature-Based Surfaces g?rﬁgﬁgfoivg%m gi?f?aergzciéiyair mal comfort, water and mainte- |Hayes, et al.,
(e.g. vegetated pavements) integrated vegetation|cooling biodiversity, air |nance; Not ideal for |2022

Table 1: Cooling pavement overview
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APPENDIX B.2 THERMAL
AND RADIATIVE MATERIAL OVERVIEW

Conductiv- . Specific isi
: Density Thermal Solar Visible
Pavement Type (W/lrtny*K) (kg/m®) (]llilieg?"tK) Roughness Absorption | Absorption | Absorption Sources
Petkova-Slipets
2300 & Zlateva, 2018;
Concrete 1,20 - 900 - Smooth | 985~ 0,60 = | 0,70 = | galoush et al.
2,00 1100 0,95 0,80 0,90 0
! 2500 ! ! ! 2018; Shamsaei et
al., 2024
Narmanova et al.,
2100 2023; Alleman &
Asphalt 0,28 =1~ 929 = | Smooth | 999~ 9,90 = 1 9,90 = | Heitzmann, 2019;
1,57 1000 0,95 0,95 0,95 ! 9
! 2300 ! ! ! Shamsaei et al.,
2024
2200 Kaloush et al.,
Cobblestone 1’(5)8 C- ggg - Rough g’gg - 8’%2 - g’gg | 2018; Shamsaei et
! 2400 ! ! ! al., 2024
1400
Soil 0,50 - |~ 800 - Very 0,85 - 0,85 - 0,85 - | Narmanova et al.,
1,20 1600 1200 Rough 0,95 0,95 0,95 2023
0,40 - e 1500 - 0,70 - 0,70 - 0,70 - | Shamsaei et al
G T f ) _ ) ) ) of
rass / Tur 0,60 1300 2000 Moderate 0,85 0,80 0,80 2024
900 )
Vegetation 0,30 - |~ 1800 - Variable 0,60 - 0,60 - 0,60 - | Shamsaei et al.,
0,50 1100 2500 0,75 0,70 0,70 2024
Kaloush et al.,
1600 2018; Minnesota
Cooling Pavement 0,50 - 850 Rough 8’22 - 8’28 g’ég ~ | Pollution Control
1900 ! ’ ’ Agency, 2022;

Tuan et al., 2024

Table 2: Thermal and radiative overview of materials used in the thermal outdoor comfort analysis
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APPENDIX C.1
C.1 VARIABLES

\Y

Re:Hydrate

Area of catchment [m?]

Paved, sealed area [m?]

Area of infiltration [m?]

Lower Area of pool [m?]

Top area of pool [m?]

Discharge coefficient

Cost for a single system per unit [€/Au]

Cost for a single system [€]

Combined costs of all Facilities [€]

Duration [min]

Outer diameter [m]

Inner diameter [m]

Distance from lowest point to Groundwater [m]
Soilspecific permeability [m/s]

Length of pool bottom [m]

Slope gradient where m is 1:m

Pollution score for a single system (higher is better)
Combined Pollution score (higher is better)

Specified maximum discharge per hectare [1/(s*ha)]
Rate of controlled discharge [m?/s]

Rate of infiltration [m?/s]

Average rate of infiltration [m?/s]

Rain yield factor for the duration D

Storage coefficient, which is affected by porosity

Overall stored, infiltrated and discharged amount of water by a single system [m?®]
Stored amount of water for a grass swale [m?’]

Stored amount of water for an infiltration chamber [m?]
Stored amount of water for an infiltration pit [m?]
Stored amount of water for a rain garden [m?)

Overall stored, infiltrated and discharged amount of water in an area [m?]
Width of pool bottom [m]

Decision Variable used in the simulation, specified as usage of area [m?]

Waterdepth [m]



C.2 RAIN YIELD

Formula

Notes

A = A y Refer to DWA (2005: 21) for detailed values on the
U= Ei* Tmi discharge coefficient

Ay = 0,85 ha * 0,832

Ayroor = 0,34 ha + 1,000

Volume Ay =1p *D x Ay * f, * 0,06

Ag; Area of sub-catchment

’

y Average discharge coefficent
mt for a sub-catchment area

Ay roo f  Paved, sealed area for all roofs

0,71 0,34

0,85 0,34 0,832 1,000

Table 1: Constants for the calculation of rain volume

[min] [h] E}:C‘Egg;;‘: Volume As  Volume Aus i%‘}é:r}s Volume As  Volume Au ‘[‘5&:%5{;;‘: Volume Av  Value Ausx E}%E%:E}j Volume Av - Volume Avn
5 183,3 47 22 223,3 57 27 280 72 34 326,7 84 40
10 120 61 29 145 74 35 183,3 94 45 213,3 109 52
15 91,1 70 33 111,1 85 41 140 107 51 163,3 125 60
20 75,8 77 37 92,5 95 45 115,8 18 57 135 138 66
30 57,2 88 42 70 107 51 87,8 135 64 102,8 158 75
45 43,3 100 48 53 122 58 66,7 153 73 77,8 179 86
60 35,6 109 52 43,3 133 64 544 167 80 63,3 194 93
90 26,9 124 59 32,8 151 72 41,1 189 91 48 221 106
120 2 21,9 134 64 26,7 164 78 33,6 206 99 39,2 240 115
180 3 16,5 152 73 20,1 185 89 25,3 233 111 29,4 271 130
240 4 13,5 166 79 16,4 201 96 20,6 253 121 24,1 296 142
360 6 10,1 186 89 12,3 226 108 15,5 285 137 18,1 333 160
540 9 7,6 210 100 9,3 257 123 11,6 320 153 13,6 375 180
720 12 6,2 228 109 7,6 280 134 9,5 350 167 1,1 409 196
1080 | 18 4,7 259 124 5,7 315 151 7,1 392 188 8,3 458 219
1440 @ 24 3,8 280 134 4,6 339 162 5,8 427 204 6,8 501 240

Table 2: Calculated rain volume for different rain-events

Re:Hydrate VI




(.3 RAINWATER-MANAGEMENT SYSTEMS

Facility Information

Water is solely being infiltrated on vegetated soil or unpaved urban areas (DWA, 2005).

A1 Grass Strip
Kfmin: >= 5%10A-5 m/s

These pavements allow water to seep through and infiltrate into the
underlying soil, while being able to carry higher loads compared to open soil (DWA, 2005). Due to
aging processes, its ability to infiltrate water decreases over time, making it less reliable than

A2 grass strips (Borgwardt, 2006). According to DWA (2005), they don’t qualify as only tools for Permeable
rainwater-management and must be combined with others. Pavement
Kfmin: ———

These facilities, in addition to conventional infiltration, allow water to be stored for short periods
of time with levels of up to 30cm. For that reason, these systems can manage more water than
A3 conventional grass strips (DWA, 2005). Grass Swale

Kfmin: >= 5%10A-6 m/s

Infiltration Basin- These systems are constructued similarly to Grass Swales, but higher water
levels (>30cm) allow for more water to be stored. However, this requires higher infiltration rates Infil .
A/ of the pending soil to prevent waterlogging (DWA, 2005). n hétlléal‘gon

Kfmin: >= 1¥*10A-5 m/s

Storage modules, or porous materials like gravel are placed underground to store water

effectively. This water can then slowly infiltrate into the pending soil. Water is either induced

directly through pipes (completely hidden facility), or seeps in through a surface opening. This

system is commonly used to preserve surface area, when space is scarce. Yet, its ability to remove

pollutants from rainwater is small, only allowing runoff from little contaminated surfaces (e.g. fil .
A5/B5 roofs) to be connected to these modules. This is to prevent groundwater contamination. In special Infiltration

cases with bad infiltration rates, a controlled discharge into the sewer system increases its amber

performance (B5) (DWA, 2005).

A5 - kfmin: >= 5*%10A-6 m/s (without discharge)
B5 - kfmin: < 1*¥10A-6 m/s (with discharge)

This system combines a grass swale with underlying infiltration chambers, increasing its storing

volume and allowing its use in soil with slower infiltration rates. Because the water needs to pass

the grass swale first, the pollutant removal rate is much better compared to only using infiltration

chambers. In special cases with bad infiltration rates, a controlled discharge into the sewage fil .
A6/B6 system increases its performance even further (B6). Additionally, an overflow from the grass swale, Infiltration

down to the storage modules, increases performance as well (DWA, 2005). Trench

A6 - kfmin: >= 1*¥10A-6 m/s (without discharge)
B6 - kfmin: < 1*10A-6 m/s (with discharge)

This is a special system derived from infiltration trenches. Similarly, it combines the storage
capacity of a grass swale and infiltration chambers. Otherwise, the grass swale, instead of being
designed like a natural depression, is framed in concrete, with the garden area being lowered
straight down by up to 30cm. This increases its storage capacity and lowers the surface area
A7/B7 necessary. This system also allows to be directly connected to the sewage system (B7), to Rain Garden
compensate for slow infiltration rates (DWA, 2005; SenUVK, 2018).

A7 - kfmin: >= 1*¥10A-6 m/s (without discharge)
B7 - kfmin: < 1*¥10A-6 m/s (with discharge)

Infiltration pits are made of circular concrete shafts, leading deep into the ground. Water is stored

in these pits and then infiltrated into the soil. Due to being underground, surface area is

preserved. This system is required to be equipped with a filter layer, yet very low pollutant

removal rates only allow for runoff with low contamination to be induced. Due to this, the q o c
minimum distance to groundwater is also increased from the conventional 1m to 1.5m to protect Infiltration Pit
the groundwater (DWA, 2005).

A8

Kfmin: >= 5%10A-6 m/s

Basins are constructed to store water and reduce the burden on the sewage system by allowing a

controlled discharge. The controlled discharge must be determined together with local

authorities. Construction wise, rain basins can be built with concrete, or as a sealed earth

construction. Additionally, they can be designed to stay dry after rain-events or always hold

water. While large basins, with long standing water, can lead to sedimentation of pollutants, the . .
basic variant of this system is generally not designed to clean runoff. However, it can be adjusted Rain Basin
to improve pollutant removal rates, though this generally results in higher usage of surface area

(DWA, 2013).

A9

Kfmin: ———

VII  Re:Hydrate



Facility Information

Utilizing the space on roofs, this system introduces a green component to buildings.

On a technical level, it is differentiated between extensive and intensive greening, with

the later one introducing more organic mass and retentive potential by using thicker

soil substrates. Regarding water-management, this system can be modified to store

additional amounts of water in its substrate layers. However, its use is limited by a

A10 building’s static and roof pitch. While possible to be placed on roofs with angles of up Green Roof
to 45°, for good retentive properties, a maximum of 10° is favourable (Pfoser & Jenner,

2014).

kfmin: ——-

Extra Facilities (not used for simulation)

This system is installed along the facades of buildings. Construction-wise, vegetation can either

be planted earthbound, or in vertically placed systems. Scaffoldings can guide plants to grow

S1 vertically and improve stability. While having no retentive properties regarding rainwater runoff, d
they improve the local water-cycle through evapotranspiration (Pfoser & Jenner, 2014). Green Faccade

Kfmin: —--

Cisterns allow rainwater to be harvested in tanks and used locally. Examples are the use for
gardening or toilets. They can be installed underground and accessed with pumps, as well as
above ground. To remain clean, only runoff from roofs should be used and filters installed. The
S2 size depends on the amount of water that is needed and available roof area (DIN
1989-100:2022-07, 2022).

Cistern

Kfmin: ——-

Table 3: Short explanation of the various rainwater-managements systems presented in this report
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C.4 HYDROLOGICAL CALCULATIONS

A1

A3

A5

IX

Grass Strip

.germ: “Flachenversickerung”

Notes Parameter Formula
* Calculation based on DWA
(2005)
ks
D 120 [min] = Ysmia =5 " *
kg 5%10A-5 [m/s] Vou = Qsmia * D * 60
Permeable Pavements
.germ: “Wasserdurchldssiges Pflaster”
Notes Parameter Formula
* Calculation based on DWA
(2005)
* Amount of infiltration lowered Ky
to 25% of A1, due to graduate D 120 [min] = Ysmia =5 %
long-term performance loss k 5%10A-5 [m/s] 0 D60
from clogging (Borgwardt, 4 Vor = Qsmia » D » 60+ 0.25
2006)
Grass Swale
.germ: “Versickerungsmulde”
Notes Parameter Formula
i Agop =
* (c;(l)%%l)atlon based on DWA o Z Wy = (T =257 %m?
. ) hs 7,9 [m] k ke s+ 2
* Calculation of adjusted stor- . 72 Aow g+ 7+ Ao
age volume based on a squared D 120 [min] © - s72
truncated pyramid kg 5%10A-5 [m/s] ; : 1
» lower m-value due to less safety m 2 Vi =322 [Aiow + (Aiow * Arop)? + Atop]
concerns z 0,3 [m]
Vov = Vu + Qsmia * D * 60
Infiltration Basin
.germ: “Versickerungsbecken”
Notes Parameter Formula
* (Calculation based on DWA
(2005) h 7.2 [m] k7/*/llnw+k?/*hS+;*Aum
* Refer to A3 for surface volume s - Qsmia = hs+3
. D 120 [min] 2
» Higher m-value for assumed " 1 1
safety reasons kg 5*10-5 [m/s] Ve = 5% 2% [Atow + (Atow * Acop)? + Acep]
m 3
z 1[m]
Vov = Vi + Qs;mia * D * 60
Infiltration Chamber Infiltration Chamber
.germ: “Rigole” .germ: “Rigole”
Notes Parameter Formula
Calculation based on DWA Ve =x»z5 ,
(2005) hs 6,7 [m] ﬁ X+&‘115+7 .
Sk and z based on values for D PR, C [[min% Qi = -2
plastic module Rigofill® Inspect kg BSZ 5*10/\_5 m/s ,
block (FRANKISCHE Rohrwerke, 5:5*10A-7 [m/s] " Asi ur
2025) Sr 0.95 1000
ark 2 ll/(s*ha) Vo = Va + Qsmia * D * 60 <
z 0,66 [m] Vou = Vi + Qsmiq * D * 60 + Qpg * D % 60 C>
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Infiltration Trench

.germ: “Mulden-Rigolen-System”

B6

n=A10

Viotal = Z VOV,i

i=A1

Infiltration Trench A6

.germ: “Mulden-Rigolen-Element”

Formula Parameter Notes
Ve =x%2zxSg .
_1 ca ok h 6,7 [m] Calculation based on DWA
Vi = g%z > Aiow + (A“;“’ Arop)? + Atop s 120 [min] (2005) for A6: Infiltration trench
%, ) /(7, ) h\h+7 » . A6: 5¥10A~5 [m/s] gnq B6: Infiltration drench with
Qsmia = % f B6: 5*1077 [m/s] rainage
Ap i * Qark m 2 Refer to A5/B5 for underground
Qor =—T500 Sk 0.95 modules
Vou = Vay + Vg + Qsmia * D 60 > Qark 2 [1/(s*ha) Refer to A3 for surface volume
Vou = Vag + Vg + Qsmia * D * 60 + Qpg * D * 60 <] 7 0,66 [m]
B Rain Garden Rain Garden A
7 .germ: “Tiefbeet” .germ: “Tiefbeet” 7
Formula Parameter Notes
Vp=x+z Calculation based on DWA
Vg = x %2z %5Sg h 6,7 [m] (2005)--> A7: Infiltration
X K ho+Z S S trench / B7: Infiltration trench
o Fratgroplx D A7 5*10,\1%;) [[rrrrll}gl]] with drainage
o S 2 kg B7; 5%10A-7 [m/s] =+ Technical change to storage vol-
Qpg = % Sp 0.95 ume based on SenUVK (2018)
Vos = Ve + Ve + Qsyuag D+ 60 2> Qark 2 [1/(s*ha) Elecf(eifﬂtgsAS/Bs for underground
= gD «D+ z 0,66 [m]
Voo = V1 + Vi + Qsmia * D + 60 + Qog + D + 60 < * Refer to A3 for surface volume
Infiltration Pit AS
.germ: “Versickerungsschacht”
Formula Parameter Notes
2
Vs =% %* z b - Calculation done for 1 pit based
P . 3 on DWA (2005)
As=ma—tmrdg s D 120 [min] Number of pits nx determined
K dg 1[m] for an area x using the formula
Osmia =7+ As d. 1,2 [m] for a circle
d ; t )
V= Vs + Qg miq * D * 60 L=k (2 x b)? » chosen buffer-value b allows for
oG D kr 5%10/-5 [m/s] sufficient infiltration area for
Voy = nx *V; z 2 [m] each pit
Rain Basin A
.germ: “Regenriickhaltebecken” 9
Formula Parameter Notes
Arop = x ) ) Calculation based on DWA
/l,(,W:l}*WSZZ*\/}fZ*Z*m (2006)
Vy = % *Z % [Ajow + (Ajow * Atop)i + Arop] D 120 [mln] ngher m_Value assumed for
m 3 safety reasons
_Apk * dark Gar,k 2 [1/(s*ha)]
r =500 z 1 [m]
Vow = Vi + Qpg * D * 60
Green Roof

A10

.germ: “Dachbegriinung”

Formula Parameter Notes
value a based on an exemplary
retention roof from Weissen-
berge, Hamburg (low thickness

tra with retention space of 40mm)
2
Vo = To00 a (1/m?] (Bukea, 2022: 2)

Table 4: Hydrological formulas and parameters for various rainwater-management systems
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(.5 POLLUTION-CALCULATION

Formula Notes
n=A10 Pollution calculations are put in relation to the
p _ ov,i A %P amount of water a facility handles, compared to the
total = "k Ay R total amount of water
. total,i
i=A1l
Pollution-Score (Pi)
Facility| Score Sources Notes
A1 5 DWA (2005: 14)
Clogging leads to lower infiltration and
A2 2 Borgwardt (2006) higﬁgr S s MG o o
A3 4, DWA (2005: 14)
A/ 3 DWA (2005: 14)
As 2 DWA (2005: 14)
) Additional, unfiltered discharge lowers
B5 1 DWA (2005: 14) score compared to A5
A6 4 DWA (2005: 14)
. Additional, unfiltered discharge lowers
B6 3 DWA (2005: 14) score compared to A6 8
A Similar construction as Infiltration trench
7 4 (A6) (SenUVK, 2018: 23f.)
B Similar construction as Infiltration trench
7 3 with drainage (B6) (SenUVK, 2018: 23f.)

A8 1 DWA (2005: 14)

. Not constructed to clean (can be upgraded
A9 1 DWA (2013: 30ff) with filter-systems)
A10 Pfoser & Jenner (2014: Filter and harvest potential for fresh

5 146-147) rainwater
Table 5: Derived pollution scores for various rainwater-management systems (higher is better)
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(.6 PRICE-CALCULATION

Formula Notes
A1, A3, A4, A5, B5, A6, B6, A7, B7, A8: Price calculations are put in relation to the amount of
water a facility handles, compared to the total
c Vov sl amount of water
ov = * Ay * G
total
A9:
Cop =x*xz%*C(;
A2, A10:
COV = X * Cl
n=A10
Ctotar = COV,i
i=A1
Price-Data (Ci)
- Input_1 Input_2 Cost
Facility [€/A0] [€/A0] [€/Au] Sources Notes
1. BSU (2006: 24)
A1 2,5-10 2-5 4,9 2. BWI (2015: 23)
. based on surface size in [m?
A2 30-40 /m? 45-55 /m* 42,5 /m? 1. BSU(2006: 22ff.) (1) Lawn pavers; (2% Porchs ]concrete
1. BSU (2006: 24)
A3 10 2,5-7 7,4 2. BWI (2015: 23)
corllstruézted similafrly to A3 |
V 0 gi i iant
A4 30 L 18,7 1. BSU (2006: 37) pgr?de—gtr%ct%lgeen or a special varian
Average between 7,4 (A3) and 30 chosen
1. BSU (2006: 33)
A5 20 5-25 17,5 2. BWI (2015: 23)

B based on cost difference between A6-B6
5 T T 23,75 = 6,25€ (+12,75 €) for added drainage
1. BSU (2006: 34)

A6 15-20 15-25 18,75 2. BWI (2015: 23)
1. BSU (2006: 34)
B6 27,5 15-30 25 2. SenUVK (2018: 33)
1. BWI (2015: 23)
A7 15=25 - 20 2. SenUVK (2018: 33)
1. BSU (2006: 34)
B7 25-40 T 32,5 2. SenUVK (2018: 33)
1. BSU (2006: 36)
A8 10-25 15-25 18,75 2. BWI (2015: 23)
. based on volume in [m?
A9 100-400 /m? - 400 /m?® 1. BSU (2006: 42) . prices decrease with size, but systems are
smaller in dense areas (LFU, 2002: 59)
. based on surface size in [m?
A10 38 /m? -—- 38 /m* 1. BUKEA (2022:p.2) for a retention roof (40mm)

Table 6: Collected price-data for various rainwater-management systems in €/unit
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C.7 CONSTRAINTS -
FORMULAS AND LIMITS

(1) Maximum usable area

Al + A2+ A3+ A4+ A5+ B5+ A6+ B6 + A7 + B7 + A8 + B8 + A9 + A10 < Apax

Amax Maximum combined extend for all rainwater facilities [m?] --> 5675 m?

(2) Limited Land Use

A1,A2,A3, A4, A5, BS, A6, B6, A7, B7, A8, A9, A10 < Amaxn

Amaxn  Maximum extend for a single rainwater facility [m?]

Amax,(Al,A3,A4,A6,A7) 110 m?
Amax,AZ 5100 m?
Amax,(AS,AS) 570 m?
Amax,(Bé,B7) 570 m?
Amax,BS 1150 m?
Amax,A9 2400 m?
Amax,AlO 575 m?

(3) Hydrological Target

Vees < Vov,a1 + Vov,az + Vov,az + Vov.as + Vov.as + Vov,ss + Vov,ae + Vov,se + Vov.az + Vov sz

VGes
+ Vov.ag + Vov,ao + Vov,ato < Vies + 100" 10

Vies 206 m?

(4) Limit Water - roofs

Vov,as + Vov,gs + Vov,as + Vov,a10 < Vioos

Vroof 99 m*

(5) Minimum size

A3,A4,46,B6,A9 = (2 * z * m)?

m Slope [m:1]

z Depth [m]
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>1.50 h

— 5 om
Qi e U7 0 el
ni 0:3m
%, h
{/)6“
I 2m

Table 7: Suggested distance to buildings for rainwater systems utilizing infiltration
Source: Based on DWA (2005)
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C.8 RAINWATER FACILITIES
AND THERMAL COMFORT

Facility Notes
Green space is linked to evapotranspiration and cooling of surrounding areas (Jansson et al.,
A1 2007);
Trees can be placed
Higher soil-moisture (compared to impermeable pavement) improves evaporation; Effect on
thermal comfort better for pavements with integrated vegetation (Li et al., 2013)
A Higher root absorbing area and better evapotranspiration from trees, compared to impermeable
2 pavements; Effects not as good as on natural ground (Fini et al., 2017)
Trees need proper planning to be installed, otherwise destruction of pavement possible due to
root growth (Balder et al., 2018)
Green areas cool through evapotranspiration (Jansson et al., 2007)
A Water is stored for short periods of time (DWA, 2005), though its positive cooling effects on
3 thermal comfort may be lessened by an increase in air humidity (Teshnehdel et al., 2022)
Extra availability of water can up to double the growth of trees (Grey et al., 2018)
Green areas cool through evapotranspiration (Jansson et al., 2007)
Water is stored for short periods of time (DWA, 2005), though its positive cooling effects on
thermal comfort may be lessened by an increase in air humidity (Teshnehdel et al., 2022)
AL The amount of water received is much higher compared to A3 (DWA, 2005); Extra availability of
water is positive for tree growth, however, proper positioning of trees in the facility is necessary
to prevent harm from waterlogging (Grey et al., 2018)
Water is stored subsurface (DWA, 2005), leading to no specific effect on thermal comfort for the
A5/B5 facility itself
Surface area above can be used for programming
Green areas cool through evapotranspiration (Jansson et al., 2007)
Water is stored for short periods of time (DWA, 2005), though its positive cooling effects on
thermal comfort may be lessened by an increase in air humidity (Teshnehdel et al., 2022)
A6/B6 Special technical adaptations can be made to keep water stored underground for vegetation and
trees to be available throughout prolonged dry periods (Pallasch et al., 2016)
Possible drainage prevents waterlogging in slow infiltrating soils (ibid.)
Improves evapotranspiration of vegetation (ibid.)
Similar to A6/B6 on a technical level
Green areas cool through evapotranspiration (Jansson et al., 2007)
Water is stored for short periods of time (DWA, 2005), though its positive cooling effects on
A7/B thermal comfort may be lessened by an increase in air humidity (Teshnehdel et al., 2022)
7187 Special technical adaptations can be made to keep water stored underground for vegetation and
trees to be available throughout prolonged dry periods (Pallasch et al., 2016)
Possible drainage prevents waterlogging in slow infiltrating soils (ibid.)
Improves evapotranspiration of vegetation (ibid.)
Water is stored subsurface (DWA, 2005), leading to no specific effect on thermal comfort for the
A8 facility itself
Surface area above can be used for programming
Can be build with concrete, or earth formed (DWA, 2005), allowing flat vegetation and
evapotranspiration (Jansson et al., 2007)
A9 Basins are water-sealed to adjacent soil (DWA, 2013), allowing no deep roots and trees
When designed as a constant waterbody, temperatures of surrounding areas are reduced
(Teshnehdel et al., 2022)
While surrounding temperatures are reduced through evapotranspiration, the effect on thermal
A0 comfort decreases with its height above ground (Pfoser & Jenner, 2014; Perini & Magliocco,
2014)
Improves cooling load of buildings, reducing its energy-demand/output (Pfoser & Jenner, 2014)
Effectively decreases temperatures at pedestrian levels by up to 1,3 C° through
S1 evapotranspiration (Wong et al., 2010)
Shown better cooling effects on pedestrians than green roofs (Perini & Magliocco, 2014)
Water is harvested in tanks (DIN, 2022), leading to no specific effect on thermal comfort for
the facility itself
S Surface area above can be used for programming

Modern systems utilized harvested water to automatically water vegetation/trees (Nichols &
Lucke, 2015)
Use for gardening leads to green space and evapotranspiration (Jansson et al., 2007)

Table 8: Notes for the derivation of the microclimate-score for various rainwater-management systems
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APPENDIX D HYDRAULIC
PERFORMANCE CALCULATION

I11. 1: Separation of the site in 5 sub-catchment areas

Ay =) AW,

Unsealed
Area Area Area Area Area Area

Catchment AE,i AE,pavement AE, roof AE,green roof | AE,greenarea | AE,rain facility Surface

[m’] [m’] [m’] [m’] (m?] [m’] Au

[ha]

1 3280 1840 0 760 44,0 240 0,20

2 3220 980 1360 630 150 100 0,24

3 670 530 90 0 10 40 0,05

4 480 380 0 0 70 30 0,03

5 840 390 410 ) ) 40 0,07

Table 1: Calculation of the unpaved area for each catchment
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A9 - Rain Basin 1
v =( Tpn * Ay — QDR,l) * D * f7 0,06
A9 - Rain Basin 2

V =(rpn*Ay —Qpra + Qpr1)* D * f7 0,06

kf kf hs +z
Ut =5 *thy =57 % Z
2 2 hsty
Qs = Vpy * Ag
_ Qs,max + QS,min
Qsmia = >
Opr = Ay * Qark
DR 1000

V=(Ay* 1073 1, — Qsmia + 1073 * Qpro — Qpr) * D * 60 * f;

A6 - Infiltration Trench
B6 - Infiltration Trench (with discharge)

k
Vi = (Ay #1077 x1p = Ag# L)« D+ 60 * f

s SRt s L (=—1)
= —x * x( — —
RR bR *hR [ R R SR ]
0 =AU*er,k
DR 1000
Vm

AU*10”*run—QDR—§:7E§7§

lg =

bg * hg * S

hg kf
D607, T(brT7)*7o

Formula can be used to adjust sizing/dimensioning
between grass swale and infiltration chamber

VRle*hR*bR*SR

XVII Re:Hydrate

Qpr  Controlled discharge [1/s]

Qpr2 5,51/s

Qpr1 21/s

Qsmia Average infiltration [m?/s]
Vru  DARCY’s Law

lny Hydraulic gradient

As 4o m?
ks 0,00005
hg 7,2m

Qarr 10 1/(s*ha)
Zmin 0O IM

Zmax 1M

[z Length of infiltration chamber
Sgr  Total storage coefficient
Grass Swale Volume
Vy (A6) 3,6 m?
(B6) 9,0 m*

(A6) 25 m?
(B6) 40 m?

by = by Width of systems: 2m
d 02m

h Height of infiltration chamber:
R 0,66 m

k (A6) 0,00005
7 (B6) 0,000000

(A6) 0 1/(s*ha)

Qark  (B6) 10 1/(s*ha)

SR 0)95



APPENDIX E MATERIALS USED

. Cobblestone

Ill. 1: Starting point Materials for thermal comfort simulation

. Cobblestone

Cooling Paver

Ill. 2: Post-design Materials used in simulation 2 of the outdoor comfort simulation
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