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PREFACE

Manfred SCHRENK,

Conference Director,
President CORP — Competence Center of Urban anéRa&gPlanning

WELCOME to REAL CORP 2023, the
28" International Conference on Urban & Regional Devedpment and Spatial Planning
in the Information Society!

A constantly growing world (around 8 billion peoplew, 9.7 billion to be expected by 2050) with
constantly expanding cities and urban agglomeratisriacing various challenges such as scarcity of
resources, infrastructure provision security, rigk disasters, global warming or ageing of the
population. These topics have to be seen as gtitadlenges which are unevenly distributed across
the world regarding the dynamics of those phenonaarhtheir geogeaphic location. Are Nature-
Based Solutions the key to liveable, sustainal#silient cities even under the threats of climate
change? Is it just about greening the cities aratt green and blue infrastructures? What is théestn

of their technological developments and social wation?

Nature-Based Solutions are definitely being undexstwell beyond greenery or only biotic nature.

There are strong relations with topics such asaliléy, social cohesion and human activities, and
urban planning, architecture and design as keyigdiises. Thus, beside green and blue (water)
infrastructure as currently the most often addmk$sanifestation of Nature-Based Solutions in cjties

REAL CORP 2023 suggests to reflect also on theiphlyprocesses and materials (abiotic nature) as
inevitable parts of nature. These can bes seeoninection with parameters of urban planning, sich a
morphology, land use, availability of space fornfla use occupancy etc. These physical world
processes are also part of nature, especially eprbperties of locations and sites that may well
dictate their further development as well as thiectien of suitable Nature-Based Solutions for

implementation at these specific locations.

Nature-Based Solutions that directly use naturatg@sses (e. g. natural terrain with high vegetation
which in urban areas is most often associated wiffark), especially in dense urban patterns, are
generally more difficult to implement due to spbtaa well as economic constraints. Nature-Based
Solutions that may be more appropriate in suclagdns may come from a set of ideas and proposals
that “mimic” nature. Here, it is important to ndteat nature is made up of both biotic and abiotic
components. For example, in terms of reducing teawence of heat islands in cities, solutions can
be found in the selection of suitable building miale and their appropriate treatment, appropriate
physical characteristics of the components of @bioature, optimum orientation of buildings and
their compositions on the sites, as this can imitgethe natural ventilation of the rooms (microlesca

or area (macro scale).

Other open gquestions include ways in which Natusedsl Solutions can be addressed in various
spatial planning documents and processes and howheacapabilities of Nature-Based Solutions be
used in effective policy making and implementation.
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PREFACE

This year we brought together some 200 participfmotm more than 30 countries worldwide. The
main goal of the REAL CORP conference series ibring together leading experts in the field of
spatial planning, geoinformation and related digogs to exchange their knowledge, share their
ideas, discuss current developments and get tagétheface to face networking leading to the
development of new thoughts, partnerships and gigje

The success of the REAL CORP conferences is —Igledthout doubt — the result of the efforts of
participants, reviewers, and the conference organiteam. We would like to acknowledge the
Reviewer Team and Programme Committee membersh&r valueable voluntary help with the
review process. Our thanks go to all participants @uthors of the submitted papers as well.

The proceedings of this year's conference contaiurad 110 scientific papers; 92 of them were
selected after a double-blind, double-stage (fah labstracts and full papers) peer-review process f

publication and presentation at REAL CORP 2023. mbe-reviewed papers were accepted by the
programme committee after a double-blind abstragtewv.The conference is held from 18 to 20

September 2023 in Slovenia’s capital Ljubljana a8 &s in virtual space.

Welcome to Ljubljanal Have a great conference!

Manfred SCHRENK, Clemens BEYER & the REAL CORP Team

o
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1 ABSTRACT

The report provides an overview of Al methods amalg and of their applicability for creation of wils
intelligence. By a term “robot” we simultaneouskyfer to a decision support system in a form of an
autonomous device (a traditional robot) and to seystem presented in the form of special softwhag t
implements the functions of an intelligent assistdine totality of works on Al can be divided int@wo
areas, two types:

« imitation of human intellectual activity;

» decision support, autonomous decision making basednference (usually first-order predicate
algebra), or other tools.

Our company deals exclusively with systems of #word type.
Structure of the paper:

(1) An overview of Al: pattern recognition, machilearning, data meaning, neural networks, singudiue
decomposition (SVD). Here we discuss the advantagddimitations of the most well-known approachmes
the field of applied Al methods today.

(2) Our experience in Al: knowledge base, ontolagference machine, scenario approach, ontomodeller
Protege 2000. A brief history of the applicationfdfmethods in our company since the late 90s eflést
century is presented.

(3) Tactical situation analysis. In our systemse ttoncept of a tactical situation is the basis tfor
application of Al in real-time systems and in moriitg systems for various purposes. A tacticalagitun is
a basic concept for determining the reaction tem&l circumstances and conditions that have afisea
robot that ensures the fulfilment of a certain moiss

(4) Smart city applications. Developed within thaniework of the European CRISALIDE project, an
intelligent decision support system in the intesest a smart city, is one of the options for impésting
basic Al technologies in the interests of urbanegoance.

(5) Future work: RIC technology, discussion: a “GréButton” idea. Based on our experience of thaalet
and technological research, a technology systepnagosed, a technological platform that can besdadl

core of robatics intelligence (RIC). This platfoattows you to form a full cycle of intelligent cant of the

robot:

* obtaining data on the external environment (robwtirenment) from various sources, own and
external;

e evaluation of options for fulfilling one's own mies and making a decision (close to the optimal
solution);

¢ monitoring the implementation of the decision;
* proofreading of the solution if necessary;

« making a decision on the completion of a missiamfad for a robot, or a general system for which
a decision is made on automatic control withoubimwg (directly) a person.

Accumulation of experience and self-training basadhe analysis of tactical situations and the ltesaf
decisions made. We call this idea a “Green Buttdea.

Keywaords: robotics, planning, artificial intellige@, smart city, green button idea
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2 INTRODUCTION

The history of the practical application of Al metis and tools in our company goes back more than 20
years. During this time, we have formed a systeneciinologies, including in the field of Al, implemted
applications in the interests of marine monitoraygtems and Smart City. Among the Al tools useainy
company, the following should be noted first of. ahtology system, expert systems (knowledge bases,
inference machines), scenario system and singallarevdecomposition (SVD) method. According to our
experience, the application of Al was carried outwo stages: during the development of applicatiand
during their operation. All this allowed us to fomrelatively small set of Al technologies in tloerh of a
platform on which you can develop applications afieus scale and purpose.

Currently, the entire set of works united by onenaa— Al, can be divided into two large groups. Tingt
group — which formed this scientific direction —am attempt to replicate the intellectual functiafighe
human brain. Despite great efforts in this direttithe progress is very modest. The second grotipeis
endowment of applications or robotic complexes vntiellectual functions based on formal logic arkdeo
approaches. It is safe to say that all of our Aled@oments belong to the second group.

During the period of our company's activity, whistsince the early 2000s, we have developed a nuaibe
hardware and software systems, including tools amdhods of artificial intelligence. Based on our
experience in the development, production and éspion of our products, it was concluded that ¢hemas

a need to create some kind of intellectual cordchvicould be scaled over a wide range, namely feom
micro-robot to large organizational and technigaiteams. For such a wide range of manufactured regste
we have an invariant representation of our tectgietoand development tools. Therefore, we can sty w
confidence that we have some basic core, whiclmesirntellectual basis of all our products. The main
motivation and the main idea behind the developmamd implementation of RIC is the maximum
automation of the application of our products ie thterests of the end user, a “Green Button” Ided's
take a look at the main elements of RIC and soraenples of its implementation.

3 AN OVERVIEW OF Al

In the last decade, Al has received a “second wait#r decades of oblivion, when hopes for its wpiead
use and replacement of people's intellectual agtactually failed (70s of the last century). Tlewival of
Al is due to the following factors: the sharplylieased computing capabilities of modern computedstiae
rapid development of the global Internet. The mogewer of computers has made it possible to imptem
complex algorithms and process large amounts @. defdespread access to the Internet has drantgtical
increased the number of users of Al applicationshsas voice analysis, pattern recognition, andchefar
useful information. The whole set of works thabfsinterest to us can be reduced to the followiag]y
well-known, areas in the field of Al: Pattern rendgpn, machine learning, data meaning, neural nete;
singular value decomposition (SVD). It is not pbssito analyse the whole variety of works and ajapions
in Al within the framework of this article. We wibriefly review only those that we have exploredaas
platform for practical applications.

3.1 Pattern Recognition

Pattern recognition is the automated recognitiopatterns and regularities in data. It has apptioatin
statistical data analysis, signal processing, imagalysis, information retrieval, bioinformaticsatd
compression, computer graphics and machine learRiatiern recognition has its origins in statistesl
engineering; some modern approaches to patterigméimmn include the use of machine learning, duthto
increased availability of big data and a new abuondaof processing power. These activities can eeedl
as two facets of the same field of application, ey have undergone substantial development begpast
few decades" [Wikipedia ]. This idea works well wheie have a large statistical sample of initialadat
Typically, millions of test images are requiredffldulties arise for rare phenomena when one attertqp
use expert, formalized knowledge.

3.2 Machine Learning

Machine learning (ML) is a field of inquiry devotéd understanding and building methods that “learn”
that is, methods that leverage data to improveopadince on some set of tasks.[1] It is seen agstaopa
artificial intelligence. [Wikipedia ]. Just like Rarn recognition, this idea works well for caseseve we
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have a large statistical sample of initial datae Tiain drawback is the lack of interpretation af thsults
obtained. The main advantage of this method is #hdecision is made that was not predetermined in
advance.

3.3 Big Data

“Big data primarily refers to data sets that are krge or complex to be dealt with by traditionaita-
processing application software. Data with manyieat(rows) offer greater statistical power, whdata
with higher complexity (more attributes or colummsay lead to a higher false discovery rate.[2] Tdiou
used sometimes loosely partly because of a ladkrafal definition, the interpretation that seemsbtst
describe big data is the one associated with laogly of information that we could not comprehencewh
used only in smaller amounts” [Wikipedia].

3.4 Neural Networks

“A neural network is a network or circuit of bioliegl neurons, or, in a modern sense, an artific@alral
network, composed of artificial neurons or noddsT[thius, a neural network is either a biological nadu
network, made up of biological neurons, or an iaréif neural network, used for solving artificial
intelligence (Al) problems” [Wikipedia ]. This appach is now very widely used in various subjectare
and is very popular. However, we do not use thig@gch in our applications due to a key drawbatke-
lack of interpretation of the results obtained. aksalternative, we use the singular value decortipnsif
matrices.

3.5 Singular Value Decomposition

“In linear algebra, the singular value decomposgit{8VD) is a factorization of a real or complex matlt
generalizes the eigendecomposition of a square alomatrix with an orthonormal eigenbasis to any
matrix. It is related to the polar decompositioWVikipedia ]. This approach allows us to solve taene
problems as neural networks, but here we can dttplaontrol the accuracy of the solution and cdefice

in adequate results. The use of SVD in our apptinathas shown its high efficiency. Recognitioriaaftical
situations using SVD gives this method a high degfeversatility.

4 OUR EXPERIENCE IN Al

Knowledge base, ontology, inference machine, sezreggproach, onto-modeller, Protege 2000. A brief
history of the application of Al methods in our quany since the late 90s of the last century isgoriesl.

4.1 System of Ontology

The main motivation for the development of the @pioof ontology was an attempt to combine software
from different subject areas (domains), and, ataly¢o form a system of non-intersecting setsafaepts.
The first tool for developing ontologies was ourt@vodeler software product, Fig. 1, developed m ltie

90s of the last century. To describe the logic bodiness intelligence, a special scripting languagk
Pascal syntax was developed. These technologies tiverbasis for the development of knowledge bases
and logical scenarios. Also, OntoModeler was irdaeagt into a GIS of its own design, see Fig.2.

The increasing complexity of GIS, the emergencemufdern web technologies and technologies of
distributed heterogeneous systems have dramaticalhgased the cost of maintaining and upgrading ou
key technologies. In the mid-2000s, a decision made to switch to the JEE platform as the main\sott
development environment and Protege 2000 as the toali for developing and maintaining ontologie=e s
Fig.3. A special Plug-in was developed to creatptcbased on the Drools language.
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The application of the Protege 2000 system magesdsible to speed up the development of an ontology
system and to integrate various software componenish as GIS for various purposes, databases and
knowledge bases, to implement a fairly powerfulpdorg system that allows implementing fairly compl
business analytics without involving programmersisTapproach made it possible to reduce the apiplica
development time, its cost, reliability and maintdiility during exploitation by dozens of times.
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4.2 Scenario Approach

A scenario is the same as algorithm, but with tbsspbility of executing 2 or more parallel develaprh
branches that are executed simultaneously. A flélyged scripting system was developed in the Beote
2000 system as a special Plug-in, which implemeatetsual script editor that allows you to implermen
business intelligence in a visual representatidmchv drastically reduced the time for its implenagiun,
since the work was performed directly by subjecttensexperts without involving programmers. Notatth
there are two approaches to visual computer modella scenario approach — when the content and
sequence of steps to implement some businesdgetate are known, and a rule-based approach farabe
when the business intelligence or process is nowknin advance. We use both approaches. An exaofiple
a simple scenario, its scheme, is shown in Fig. 4.
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Fig. 4: A simple Scenario

The scenario scheme is a two-dimensional graphyeheces of which are the stages (phases) of idecis
making, and the arcs are the transitions from om&se@ of decision making to another. The difference
between a scenario and an algorithm is visually atestnated, where the stages are performed in strict
sequence one after another.
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4.3 Micro Service Architecture

The expansion of the scope of our solutions hastdetthe fact that scaling has fairly wide limitsorin
smartphone applications to large heterogeneoustdittd systems. The technology system that usssd
as an ontology editor is a rather heavy solutioth @n not be universally applied. In this regard, vave
developed a system of technologies for which atlgight ontology editor and a scripting systemthie t
Drools language have been created, which allowsiles to create flexible and lightweight developtmen
tools based on scenario approach in almost angraited software development environment, for exampl
in JetBrains products.

5 TACTICAL SITUATION ANALYSIS

In our systems, the concept of a tactical situatsotne basis for the application of Al in real-irsystems
and in monitoring systems for various purposesadital situation is a basic concept for deterngntime
reaction to external circumstances and conditibas ltave arisen for a robot that ensures the rfilt of a
certain mission.

5.1 JDL Model as a Spiral Processing of Information

In our systems, the concept of a tactical situatsotne basis for the application of Al in real-irsystems
and in monitoring systems for various purposesadital situation is a basic concept for deterngntime
reaction to external circumstances and conditibat ltave arisen for a robot that ensures the riufilt of a
certain mission. The levels of this model corresptmsuch fundamental concepts as measuremenss, dat
information, knowledge and understanding. At theesdéime, these concepts are not absolute, butveldt

all depends on the scale of the model. For exaroplepicro-robot level, unmanned device, mannedclehi
weather monitoring centre or other purpose.

Measurements, data and information can be intexgras some attributes of a certain entity (robeg)
(physical world), or abstract (digital world). Knteelge is a direct clarification, the work of “aitifl
consciousness”, “intelligence” at the level of sughconcept as “phenomenon”. This is the level of a
“simple” robot that performs a set of embedded fess intelligence, its activities are quite wedjukated,
despite the fact that it can be performed usinmgmence machine.

“Understanding” is the clarification of the essené@ccurring phenomena on the basis of self-leggnie.
it is the rectification of embedded business iigelce in the form of scenarios based on self-legrar on-
the-fly revision by a supervisor.

5.2 Cycle of Control

The control cycle (CC) is the logical basis of aontrol, artificial or physical entity, includingedision
support systems. CC is inherent in human natura fre very beginning and, according to the hypashefs

I. Kant [], is pre-established. It is simply notvalys realized and is often realized fragmentarilg probably
not consciously. The control centre is implementey some system consisting of two parts:
Command&Control. This is military terminology, bugcently it has been directly applied when congder
such concepts as a decision support system (DSB)hananalysis of tactical situations. From thenpof
view of technical cybernetics, “command” is a giveontrol function, and “control” itself is a tecleal
implementation of the control function, i.e. isscarf a control action and, through feedback, cbmf its
execution.

5.3 Tactical Situation Definition

The basis of the analysis of the tactical situaifFs) is the situation. The situation is not fodnaebitrarily,

but taking into account a certain class of vehikeldurn, the TS does not arise without a spet#gk (tasks),
which is solved by the monitoring system, DSS andéxision maker. That is, TS is closely relatedht®
concept of “task”. In human activity, it is quitataral to solve a number of problems almost cootisly.
DSS is also developed to solve a certain set dflenas, and not in general for any problems. Theesfae

can say with confidence that the starting pointstarting the analysis of the TS is the formatibm tist of
tasks that the decision maker solves and the DSfosts their solution. The process of fulfillingpligng)

the task takes place against the backdrop of agamgrenvironment and the emergence of new TS. The
analysis and evaluation of the TS allows the decisnaker to make the following types of decisions:
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(a) continue the task according to the previouslyetbped plan; (b) adjust the plan; (c) make a degision
in connection with such a change in the situatigmich led to a change in the TS.

TS analysis is carried out by processing the imgitdam of measurements, data and information and
evaluating the problem being solved. If the perfange indicators of the problem being solved do not
correspond to the specified (expected), we sayttiealT S has changed. But this is only for thosesagen

we can set the criterion and performance indicafbihe decision on a “specifically new” vehicle mag
done in two ways:

(a) logical, or scenario, based on the logic dtforder predicates; (b) mathematical, or imitati@aclusion.
Having identified a new vehicle, a new cycle begins

To clarify, let us give a simple everyday examplarious situations can lead to the threat of atipging
over on the road in motion: — slippery road (ramow, ice, etc.); — high speed of movement; — sharp —
sharp movements of the steering wheel; — poor paxeof the road surface (clay, sand, gravel),atd. so
on. Therefore, it is advisable to create a lighotats and associate them with possible TS.

6 SMART CITY APPLICATIONS

Developed within the framework of the European ORIBE project, an intelligent decision support
system in the interests of a smart city, is on¢hefoptions for implementing basic Al technologieshe
interests of urban governance. In the CRISALIDEjgoban Innovative Decision-Making Tool has been
developed for Contributions on:

e Urban Information Systems;

» Urban Decision Support Systems;

¢ Geo-Information-Infrastructures, Data availability;
e Urban Planning.

We consider the CRISALIDE as an instrument for asdrs. Decision making support system (DMSS) can
help CRISALIDE users to satisfy human’s demand dpace. CRISALIDE is a software and hardware
complex based on intelligent GIS, which providess dbility to integrate maps of various formats, lienpent

a scenario approach in urban development modelfiBgmodelling, support for 2D + t modelling, suppor
for 3D + t modelling, support for decision-makingsed on expert knowledge, the ability to monit@andes
and assess the possible impact of decisions auritzg environment.

The software and hardware complex provides the wuas with a universal set of technological and
functional solutions within the framework of theska configuration with the possibility of expanding
functional tasks in accordance with the requirementhe customer and the subject area, multi-gratfand
the absence of mandatory additional paid software.

The main end users of the developed CRISALIDE systee state authorities and local self-government,
public and private enterprises and organizationsctly related to the functioning and developmeithe
urban environment. The introduction of the CRISAEIBystem allows us to solve the following tasks: to
develop e-government, to improve the quality of lmubadministration through the creation and
implementation of modern information technologi€be proposed system of intellectual decision-making
support makes it possible to predict the developgraénrban infrastructure both within the city asvhole
and in selected districts and quarters, to idengifeficit or surplus of construction facilities déor
infrastructure, as well as to take into account Burio-economic aspects of the development of
municipalities and regions. Main services can bes@nted by text, graphics and voice forms. A list o
services is very big and covers all of city lifeitines. Most of the services are presented byriatehrough
different gadgets. But, as was noted by Erich Frorioday people would like to know and can to do
primitive operations, especially how to use gadgets do not wish to understand things. It is tiggest
demand of our civilization. According to this ewvidly fact our proposal is to include in to a plah o
CRISALIDE project next generation a systems of e, pointed to understanding process. So,
understanding should be as a service from InteTiet.CRISALIDE project will be consists next maiaris

as follows:

(1) Knowledge clouds as services for individuals.
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(2) Private business analytics for understandingld@ment.

(3) An intelligent social networks development asplkatform or environment for knowledge and
understanding existences and processes.

7 A*“GREEN BUTTON”"

In this article, we have presented a far from cateplist of technologies that can be used to devtie
intelligent core of a robotic complex. A roboticnoplex can be either completely autonomous or autiena
i.e. with human participation. The main featureRIC is the ability of the installed software to pice
decision support, both in stand-alone and automatesions. At the current time, our technologidsvalus

to form a relatively simple logic of the robot'shiaeiour, which can act autonomously. But when swjvi
more complex problems, such as, for example, iINnGRESALIDE project — the operation of a decision
support system for managing the urban environmbatparticipation of a whole team of people of vas
specialties is required.

A reasonable question arises: is it possible imraated systems to entrust the formation of progofal
making decisions offline? Theoretically, such agiluity exists, but what about practice? Let'snslate
these questions into a technological plane. Thg fiest step is confidence in the chosen technaialgi
solutions. What does it mean, for example. TS amlgan be considered as a problem of pattern
recognition, or simply recognition. Stereotypicadlyggests the idea of using neural networks. Betntain
drawback of neural networks is immediately remeratier the lack of interpretation of recognition fesu
Believing in such an autonomous decision generaystem becomes a matter of faith, which will ndkyf

suit pragmatically minded people who are ultimatelyponsible for the decision made.

The use of SVD eliminates this drawback, since ae @ontrol the accuracy of decision making. Why are
we discussing this issue at all? We are discusbiecause here, maybe. two extremes: the firsaiswh do

not need an automated DSS, we only need well-adieeision makers. The second extreme is the meed t
create DSS, which will eventually replace a perspany decision-making process. Our arguments sre a
follows: even if the decision maker is well preghend has extensive experience, he is not immuwnre fr
mistakes. It is a human trait — to make mistakeSSPDeven if it cannot offer the optimal solutiohcan
protect against making a misguided decision in adea

At the current level of development of Al techndtsy it is impossible to create a DSS that will &y
make optimal decisions. But you can set up the B&S$hat it will not make gross mistakes and make
decisions that are close to optimal. We will nohgider the concept of “close to optimal” in thidice,
since this is a separate special topic. The looatlasion that we can draw now is that there i®tao$
technologies that allows you to automate the DSBwash as possible. We call this hypothesis the éGre
Button” idea. The general scenario for implementheyGreen Button idea is as follows.

7.1 Access to Environment Data

This is a connection with the outside world in réade. To do this, we have created a whole famfly o
different servers that receive data from a varieftymeters and interacting external systems, praogidi
heterogeneity and distribution. The RIC must haseeas to external information, preferably in réaletor
near real time. The more channels for obtainingrin&tion about the external situation, the betbertfie
adequate behaviour of RIC and, ultimately, the sssful completion of the assigned mission. Our
experience with real-time systems shows that mraltyi the entire set of information about the emétr
environment can be formed in the form of typicadwhels, regardless of the type of physical fiet tleeds

to be registered. The first and the simplest opi®meographic (spatial) coordinates and one physic
measurement: temperature, relative humidity, atimesp pressure, etc. The second option is assdciate
with the processing of data from the analysis oédain plane or volume, associated with the reggisn of
objects in various environments: the surface ofdagh, the air atmosphere, the aquatic environnieont
these systems, integrated processing can be retiutkd problem of pattern recognition on a planena
volume. As a result, we get an abstract repregentaf the surrounding world in some functions andhys

of measurements, as well as selected physicaltsbjec
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7.2 System of Ontologies

A set of technologies allows you to formalize thébject area and form a number of non-intersecting
concepts and relationships between them. Suchtensys also called a knowledge base system. Therays
of ontologies and/or knowledge bases is a way teffimeting the environment (paragraph 6.1) andnassi
intelligence, which ultimately determines the nissiof RIC. Thus, a system is obtained that can be
interpreted by different logics. As a rule, we tisgt-order predicate logic and generic tools thapport it.
The most important property of ontology (in ourrmaph) is a unified system of concepts for suchedéht
entities as decision makers, applications and datsh This significantly reduces the developmene tbf
such intelligent systems, their maintenance, sgalimd modernization.

7.3 Scenario System

The scenario system allows you to formalize theéamer's business analytics, which is the basis®ISS.
Actually, with the help of this idea, the “Green tBuw” is implemented. Those. automation from an
automated system (with human participation) to lly fautonomous system (without human participation)
This idea is very productive for cases when, faiotss reasons, the decision maker cannot makeisialec
under the circumstances and conditions.

7.4 Tactical Situations Processing

This is the basis of the DSS, which connects a murobfundamental concepts: the tasks (missiorthef
object and/or system in whose interests the DSSdeasloped, the current situation (data, geogragptdy
time), the system of restrictions. The technicaidaf TSP are: SVD classifier (recognition) andc
interpreter. The implementation of TSP allows yowabstract from the elements of what is happerdagg(
measurements, information) and operate with suciteqs as knowledge and understanding. Either the
decision maker, or the decision maker + RIC, or BV&@luates what is happening from the point of \ileat

the mission is feasible, or not, needs to be ctadecor should be replaced by another, or cancelled
completely. To understand what we are talking abwety roughly TSP can be interpreted as a pattern
recognition process, but! The images here areatisaind have no direct physical interpretationsPhany

of these “images” refer to cases of “rare evenis'this case, a number of well-established Al md#an
particular neural networks, are not applicablethis regard, we apply the SVD method, which can be
applied to large statistics (like neural networles) well as to “rare events”, the abstract imadeghich are
formed by experts.

7.5 Web interface

Interacting RIC system with decision makers ancoiDSS users. Interaction through touch and through
voice communication.

The proposed idea of the “Green Button” has bestedein our systems since the mid-2000s. In theentir
conditions, a mechanism is being developed to obmlre degree of automation of the decision support
process: from complete autonomy to the participatbthe decision maker or the decision maker team
the decision selection process. Our current salgtido not directly evaluate or manage the degree of
automation. When solving this issue, we will bedgui by the fact that the degree of automation béll
determined by the decision maker.

8 CONCLUSION

Development of RIC technology, discussion of it tech “Green Button” idea. Based on our experiesfce
theoretical and technological research, a systeteabinology is proposed, a technological platfdnat tan
be called a core of robotics intelligence. Thidfplen allows us to form a full cycle of intelligenbntrol of
the robot and decision making process for largiesgsstems:

e obtaining data from the external environment (robotironment) from various sources, own and
external;

» evaluation of options for fulfilling one's own miss and making a decision (close to the optimal
solution);

e monitoring the implementation of the decision;
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» proofreading of the solution if necessary;

* making a decision on the completion of a missiamtx for a robot, or a general system for which
a decision is made on automatic control withoubiwwng (directly) a person.

Accumulation of experience and self-training basadhe analysis of tactical situations and the Itesof
decisions has been made. In general we call taessad'Green Button” idea.

Our next step is to provide a set of real work magions with embedded such system. The firs oriiebei
an extension of CRIALIDE project, maritime monitagi systems, autonomous mobile devices of different
types for ground, aerial and maritime purpose.
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1 ABSTRACT

Rapid urbanization among many factors contributeléwate air temperature inside city’'s urban faktmt
causes urban human discomfort. Natural ventilaitioarban canyons is one of the measures that oan li
that effect and minimize the air temperature ofaurlareas. Benefits range from pedestrian comfottien
urban environment, to efficiency of natural veriila systems in urban streets. Studies have covered
different urban forms and their impact on pedestdamfort, others have investigated the role ofthwyg
density on pollutants dispersion, some have stufliedole of urban configurations on natural vextitin in
buildings, while some studied different physicahccteristics which also affect the urban heahdl&Vhat
Is yet to be defined is the effect of those phystd@racteristics on shaping the building regufatjo
especially in Egypt, and their efficiency regardmajural ventilation systems in urban canyons itoieate
the raised temperature. Spreading green archieedtulegypt requires reshaping current legislatiod a
codes, starting by revising the existing local tinily laws and regulations. The aim of this workoigssess
and analyse the main building code in Egypt byytgland analysing theories on natural ventilagod its
physical characteristics.

Keywords: building regulations, urban canyon, pé&tks comfort, natural ventilation, urbanisation

2 INTRODUCTION

The world is currently experiencing the largest evasf urbanization in history. According to World
Urbanization Prospects, by 2050, nearly two oubhcge of us will live in cities (Santamouris, 1997 ei et
al., 2018, Nazarian and Kleissl, 2016). Global arpation includes the rapid growth of high-riselBings,
superstructures and increased buildings densitgy Thntinue to cause concerns about city breaihaby
blocking the prevailing wind and are associatechwticroclimate variations in urban districts. Thane
causing deterioration of pedestrian thermal comfodreasing energy consumption and are causingraev
negative environmental impacts such as urban dutfmm and urban warming (Juan et al., 2017, Omean
al., 2017, Lin et al., 2014). For those reasonscareeasily notice the significant difference ircratclimate
when we are moving between urban areas and r@asar

Outdoor urban ventilation is very important for eatthy and liveable urban environment -as it is ohthe
most effective passive cooling techniques- whicktiengly affected by urban morphology (Ramporalet
2015, Santamouris, 1997). The interaction betwekarumorphology and airflows needs to be considered
new urban developments since their effects on hdifamay be beneficial or detrimental. Such effedd
not only depend on the characteristics of the veisé natural phenomenon — intensity, speed anctidine
but also on the features of the obstacles and @amvients that the wind encounters along its patlugkia
and Cecere, 2022). Baruch Givoni states in (Giva@eB9), that “Of all the climatic elements the wind
conditions are modified to the greatest extent yamization”. There is a clear need for basic gifien
understanding of the airflow process in urban anegphologies for improving outdoor thermal comfand
lowering energy consumption (Mei et al., 2018).

Numerous studies have demonstrated that it is lplestsi improve urban air ventilation and urban elienby
manipulating the building configurations during #erly stages of planning and regulations. Counsieh

as United Kingdom, America, France, Germany aneérstimade energy efficiency strategies a priority in
building regulations (Omrani et al., 2017, Juanlgt2017).

In recent decades, a large number of investigatienge been conducted for the assessment of natural
ventilation in urban areas. This paper aims to yameakthe natural ventilation behaviour and its ptalsi
characteristics and assess the Egyptian regulatiBodding Law No.119 of year 2008 — regardingurat
ventilation aspects.
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3 NATURAL VENTILATION

Ventilation generally is the process of deliverfrgsh air. It could be natural, mechanical or hybNatural
ventilation relies on natural forces; it can beatlié®d as a process for providing fresh air movdmidatural
ventilation can be used basically inside buildingsimprove indoor air quality (IAQ), achieve theam
comfort, reduce energy consumption and reduce tpolisl inside spaces. Meanwhile, natural ventilation
plays a very important role in the urban environmers wind flow- to: control the humidity, adjust
pedestrian thermal comfort, dilute pollutants and Summer cooling (Arup et al., 2002, Fordham, 2000
Krarti, 2018, Schulze and Eicker, 2013, McConrE6).

3.1 Wind flow

The wind flow in the urban environment is compléazhto follow. Small differences in land topograhie
cause irregular flows; as the wind flow is completgifferent in rural areas and urban environme(is
Bozonnet, 2006, Azizi and Javanmardi, 2017). Wilmvfhas many characteristics to be analysed and
measured; its direction, velocity and pattern dhthase characteristics change significantly frone place

to another.

3.1.1 Wind direction

Wind direction is generally defined as where thedvblow or by the direction from which the wind
originates (for example, a south wind blows frora south to the north). Any obstacles as buildmgsind
topography directly affect the wind direction (NW&)21, Kutz, 2016, Serway and Jewett, 2018). Wind
direction is usually reported in cardinal direcsoor in degrees. A wind rose is a simple way & reind
direction as well as its velocity. For example,sa®wn below in Alexandria’s wind rose (Figure et
prevailing wind direction -where the wind blows moften- is North North West (El-Geziry, 2013, (N8V
2021). Wind direction can be measured by the wickfsand vane or by ultrasonic Anemometer/thermal
Anemometer (more sophisticated) (Hawkins and Su6A9).

NORTH

WEST EAST

SOUTH

Figure 1: Alexandria's wind rose. (El-Geziry, 2013)

3.1.2 Wind velocity

Wind velocity (wind flow speed) is a fundamentahaspheric quantity caused by movement of the ainfr
high to low pressure (Hogan and Monosson, 2010hdWelocity is affected by a number of factors and
different scales as the pressure gradient. Wheraittpressure differs between two points in tineoaphere
or on the surface of the Earth the wind flow becdaster or slower to balance out the variationnespure
(Chua et al., 2010, Garrison et al., 2002, Jusdtat €1978). The Beaufort wind force scale wasvikmas the
first measurement technique of wind velocity. Noaxs] meters per second (m/s) is the internatiorsem
unit for velocity (Saucier, 1955, Mcllveen, 1991ayH 2016). Wind speed could be measured with thesa
instruments that measure wind direction mentiongtieé last section.

3.1.3 Wind flow pattern

Generally we can define wind flow pattern as howdvimoves horizontally between different areas. The
large global wind pattern is the result of the eliéntial Earth’s heating. This difference is crddiecause of
the uneven heat by the rays of the sun which haggbbacause of Earth’s rotation, its ellipsoid sheape its
twenty three and half tilted axis (Dashamlav.cofRL, Bu and Kato, 2011, Perry, 2004). When it isuab
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cities and urban areas, wind interacts differentith the surrounding urban areas with differentawebur
and characteristics that will be discussed in @ section.

3.2 Urban wind flow

Allard and Ghiaus, (2006) mention that the genasglects of wind patterns in the urban environmextt -
compared to those of undisturbed wind - are: meaed due to differences in terrain roughness retlbge

20 to 30%; turbulence increased in intensity byd000%; and greater incidence (20%) of weak wiltds.
also agreed that the mean wind speed above anttitte canopy height is closely related to centaiban
dimensions. For roof-top speeds above 4.0m/s, mekotity decreases by about 33%, while for speeds
below 1.5m/s this coupling between the externahnaaid internal secondary flow is considerably reduar

is lost. The centre of a city is warmer than itdyong areas. Daily minimum temperature readingsedted
urban and rural sites frequently show that the mrkige is 6° to 11° C warmer than the rural sithisT
phenomenon called “urban heat island* (UHI) could defined as the maximum temperature difference
between the city and its surrounding area (Raffa®@8).

3.2.1 Urban wind flow pattern

Once the wind flow from the suburban surroundiregeches an urban area it tends to skip over the eoaf
sides of buildings and its momentum is transforn@d pressure on the windward surfaces of solids,
creating several types of effect, such as acc@eratiown-flow, flow detachment, low wind speedghni
and/ or low pressure zones, sheltered areas amargavakes of turbulent vortices (as shown in Fegay.
This unsteady behaviour tends to diminish the flomomentum due to the drag and viscous forces dause
by the friction produced between surfaces andli@wv.fThe Atmospheric Boundary Layer -the lowestr 2o
km of the atmosphere which is directly influencedtbe presence of the earth’s surface and respiands
surface forces- is then set by the energy spenwé@ncoming the shear stress due to the roughnetie of
terrain, which is determined by the canopy heidglow this height, the free airflow momentum is
transformed into wind pressure on vertical surfagé®ve this height the flow tends to stabilizevdipuntil
reaching the gradient speed (Oke, 1978b, Oke, X088k, 1986, Faria, 2012).

//”

Roughness /\

> Aerodynamic ground plane
‘seen’ by

flow = »

— /

Actual ground plane
> S

P/ SN R V m”

Figure 2: Flow in the interfacial layer (Both candpyer and surface layer together create the ext&f layer which is extending up
to one tenth of the total height of the ABL). (Co&R86)

3.2.2 Wind flow pattern around isolated structure

As shown in (Figure 3), when the wind is approaghanstructure, it gradually diverges. At the winddva
facade a stagnation point with maximum pressursitigated at approximately 60—-70% of the structure
height. From this point, the flow is deviated te flower pressure zones of the facade: upwardsyards
and downwards. The upward and sideward flow sepatathe upwind facade edges and create a separatio
bubble or recirculation zone characterized by aVelocity and high turbulence level intensity. Degiag

on the dimensions of the structure and the turlweleri the oncoming flow, the separated flow carttaeh

to the side facades and roof (as illustrated bydibtted lines in Figure 3). A considerable amounaio
flows downwards from the stagnation point and poedua vortex at ground level. The main flow dir@ucti

of the standing vortex near ground level is opgositthe direction of the approach flow. Where Htitvs
meet, a stagnation point with low wind speed valexdsts at ground level, upstream of the structliree
standing vortex stretches out sideways and swaepsié the structure corners creating corner stresiths
high wind speeds. At the leeward side of the stimectan under pressure zone exists. As a resulkfloe or
recirculation flow occurs in a cavity zone that sists of vortices with horizontal and vertical axéhe
mean cavity reattachment line downstream of thectire marks the end of the cavity zone. After this
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structure, the flow resumes its normal directiohwind speed stays low for a considerable distdatend
the structure until the wake flow (Bert Blocken 21

Separated zones on
roof and sides Lateral edge and

L_lpstream 3 elevated vortex pair
wind-speed * . Reattachment lines

profile .« % on roof and sides
Cavity zone

Horseshoe vortex 5
system and mean ..
separation lines =t

Figure 3: Schematic representation of wind-flowtgratt around an isolated structure. (Hosker, 1985)

3.2.3 Wind flow pattern in urban canyons

Urban canyon is the volume lying between buildirags] the urban canyon volume is the volume between
road surface and the roof tops of buildings (Figdje(Vardoulakis et al., 2003). Urban canyons are
characterized by three main parameters: H, the rheaht of the buildings in the canyon, W, the camy
width, and L the canyon length. (Georgakis and &antris, 2008)

Canyon - air
volume

Figure 4: Schematic cross-section of an urban gayban conyon’s volume represented with doted ([@&e, 1978b)

As shown in (Figure 5), Wind flow speed and direictmodify as a result of the urban canyon’s geoynetr
parallel, perpendicular or angled.

Figure 5: wind flow in different canyon's geometpgrallel (left), perpendicular (middle) and ang(gdht). (Yazid et al., 2014)

When the wind flow is parallel to the canyon’s asisearly parallel (deviation of less than thiiggrees), a
mean wind component is created along the canyons @&he wind speed is reduced due to friction and
there is also a possibility of uplifting near thertical and ground surfaces. In this case the oadrti
components of velocity tend to be much decreasddratihe stream wise direction, if only wind driferces
are applied. Further, the flow inside the canyorcapying the free flow behaviour, but with reduced
intensity (Nakamura and Oke, 1988).

N
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An important aspect observed in the perpendiculadvilow is the production of vortices rotating fine
mainstream direction below the canopy height angvéen the two structures shown in (Figure 5). The
vortex occurs as a result of pressure differenedaden the leeward side of the upstream structwlettee
windward side of the downstream structure. The fb@parates at the edge of the leeward surfacengeat
large wake of low pressure behind the front stnectdhen the flow is diverted upwards due to itsssna
conservation and rises, though with a weaker \artomponent. The vortex created in the canyonespac
therefore presents wind components near the sgrilagelittle air movement at its centre (Georgadisl
Santamouris, 2008, Cook, 1986, Faria, 2012).

Skewed flows usually create a vortex alongsidenta@ axis. The mean flow along the canyon axisenss
vertical downwards components causing spiral vestiglong the length of the canyon in the upwarmhstr
direction but with reduced velocity (Nakamura arlce(O1988).

4 WIND FLOW PARAMETERS

Many parameters are affecting the urban wind fldavdefine those parameters, this study analysedque
studies and the articles published in the fielchafural ventilation in the urban environment, wieetin
individually published articles, or in previous rew papers. Thr study investigated relevant pubbos in
related journals regarding natural ventilation dnel urban environment, including in particular: Birg
and Environment, Energy and Building and JournaMéhd Engineering and Industrial Aerodynamics.
Among these numerous publications, this paper éurtbcused on studies conducted in the years frod8 2
to 2018 with the following keywords: natural veatibn, urban, canyon, airflow and air change rAgH).
References are analysed according to: relationghads, type of natural ventilation, wind direction,
measurement unit, sensibility analysis, model anddtions of the study. As shown in (Table 1) stsdare
classified by building typology (high-rise, low-eiscompact, single block or others), scale (urbanyon or
building), measurement unit (Q, ACH, age of aifGp), type of natural ventilation (pressure or bumyg
and type of study (coupled or uncoupled). The fiertgraphs (Figure 6, Figure 7 and Figure 8) shioev
percentage of studies that discussed each tydasdification.

Model Scale of smdy MMeamrement’s unit Type of LIV Type of study

hizh- | low- compa | single Sweet . Ageof .
others | urban Building Q ACh Cp Pressure Buoyancy Coupled Uncoupled
rize mzs ct block Camyon air

Table 1: previous studies classification. Sourse:research

Model Scale of study

Dhigh-rise Elow-rise Dlcompact Dsingle block Hothers Durban Elstreet canyon  Ebuilding
28.57142857

25.71428571 51.42857143

40 37.14285714
17.14285714

14.28571429 14.28571429

17.14285714

Figure 6: study’s model (left) - study’s scale [itly Source: the research

Measurment's unit Type of NV
@Q BAch age of air @Cp B B buoyancy

a0 »
285714

3428571429

8.571428571 8571428571

Figure 7: measurement unit (left) - type of natweattilation (right). Source: the research
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Type of study

51.42857143

4857142857

Figure 8: type of study. Source: the research

From previous studies a number of physical parametere identified that affect the wind flow paften
urban areas and related phenomena as urban teorpesaid pollution. The parameters are: Aspect ratio
(AR), floor area ration (FAR), packing densi§P) and setbacks. The studied ranges of each phiaitar

are presented in (Table 2). Studied AR ranges fram 0.5 to 6, FAR ranges vary from 1 to&4 ranges
vary from 0.25 to 0.6 and setbacks were verticahanizontal and their values depend on road widith a
buildings height.

Physical factor Studied ranges
Aspect ratio (AR) 0.5t06

Floor area ratio (FAR) lto4
Packing densityAp) 0.251t0 0.6
Setbacks varied

Table 2: The four physical factors studied ran@esirce: the research

The four parameters and their definitions, imparéaand relation to urban wind flow will be discusse
next sections.

4.1 Aspect ratio (AR)

Generally as defined in Webster (1907), the aspea is a ratio of one dimension to another. Ibaur
studies, aspect ratios are related mainly to dinessof urban canyons; they are H/W, L/H and W/lg(ife

9). Those ratios identifies the built aspect rata the type of volumetric canyon within it. ltagpected that
the resultant wind flow speed and direction beltw tanopy height are connected to variations isethe
aspect ratios (Hunter et al., 1990, Nakamura anel ®888). A canyon can be considered accorodinigeto
mentioned ratios: for example, uniform or reguldrew its H/W ratio approximates to 1.0; deep or oarr
when this ratio increases to 2.0; and wide or shailvhen it drops to 0.5. Also, the L/H ratio is satered
short, medium or long for respective ratios of 3.8, and 6.0. Regarding the height, a canyon isidered
symmetrical when height is relatively constant asgmmetrical when there is large variation in heigh
(Vardoulakis et al., 2003, Nakamura and Oke, 198&, 1978a).

v

]

Figure 9: A simple urban canyon. Block’s height (Egnyon’s width (W) and canyon'’s length (L).(Afiga., 2012)

Comparative analysis of previous AR studies shdwas wind speed inside a canyon does not necessarily
increase with the increase of canyon AR. Apart fi&dRy, there are other important factors governing th
flow field inside a canyon. For example, thermaieefs, finite length canyon effects, traffic inddce
turbulent effects and other physical parameterng iptgortant roles in shaping the flow charactecsinside

a canyon (Ai and Mak, 2015).
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4.2 Floor area ratio (FAR)

Floor area ratio (FAR) is the ratio of a buildingisal floor area (gross floors areas) to the eizde piece of
lot upon which it is built. FAR is sometimes calligabr space ratio (FSR), floor space index (FSikg ratio

or plot ratio. The difference between FAR and FSthiat the former is a ratio, while the latter isiadex.
Index numbers are values expressed as a percaftagengle base figure. Thus a FAR of 1.5 is tiaes

as a FSI of 150% (Birch, 2009, Spikowski, 2006).RFA& often used as one of the regulations in city
planning along with the packing densit§p] (block covering ratio BCR) as well as zoninglitoit urban
density. While it directly limits building densitindirectly it also limits the number of people ttlaabuilding
can hold, without controlling a building's extershlape. (Figure 10) shows three different plotariwith
the same FAR (1); by decreasing the lot covering rand increasing number of floors. Thus, many
authorities have found it unnecessary to includghtdimitations when using FAR calculations in loiing
regulations. (Birch, 2009, Spikowski, 2006)

100% Lot 50% Lot 25% Lot
Covered Covered Covered

Figure 10: Floor area ratio (FAR=1). (DCOZ, 2022)

Previous FAR studies are wide ranging and vary freffiects on environmental aspects such as solar
radiation, day lighting. human comfort and natuwaehtilation, to business studies on land valuety, ci
character, regulations and laws.

4.3 Packing density §P)

Packing densityAP) is the ratio between the block coverage areau(gt floor area) and its total plot area
(Hu and Yoshie, 2013). It is also known as; blodvering ratio (BCR), plan area density, planar area
density, building area density and building to laatio (SUMEGHY, 2007). Ramponi et al. (2015) agree
that urban density can be described with geompatameters like the packing densiff] and the frontal
area densityA4F) (the ratio of the frontal area- front facadet tta@ing the wind - and the total surface area)
(Figure 11).

Figure 11: packing density (left) and frontal adessity (right). (Ramponi et al., 2015)

Previous studies agreed that building packing degtisithe key factor to influence the flow adjustrhand
urban ventilation capacity in the city model; ahattlowering the building packing density withinciy
could reduce the pollutant concentrations at stieastl and result in higher ventilation efficienty most
cases.

4.4 Setbacks

Setback in architecture, is a step-like recessiahé profile of a block. Could be from a wall (ettbuilding
frontage), a road or a water stream. In regulatiarsetback is the minimum distance which a blooktrbe

set back from any place which is deemed to neetegion (Davis, 1994, Allen, 1995). A setback as a
minimum one-bay indent across all stories is calletecessed bay or recess and is the more common
exterior form of an alcove. Setbacks were useddnpple to increase the height of masonry structbyes
distributing gravity loads produced by building erddls. This was achieved by regularly reducing the
footprint of each level located successively fartihem the ground. The most marked example of hasdt
technique is the step pyramids of ancient Egymufa 12).
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Figure 12: Djoser’s Step Pyramid in Saqqara. (egwumeents.gov.eg, 2019)

In previous aforementioned studies setbacks adiestuwith different parameters to analyze how itldo
affect the natural ventilation efficiency. PabloRbsado (2017) compared the change in solar fllected
from the simple narrow (no setbacks) canyon to ¢fahe simple wide (with setbacks) canyon. Thepdem
wide canyon was able to reflect from 2.90 (sumnter?.52 (fall) times more solar flux than the simpl
narrow canyon. These multipliers are the scalirgofa for adjusting air temperature changes obdaivith
the simple narrow canyon to the simple wide canydrich directly affect the efficiency of natural
ventilation.

5 EGYPTIAN REGULATIONS AND LAW

Law No.119 of 2008 (and its executive regulationsglled unified building law - is the only law wbéor
planning and construction. The Egypt Green Budd@ouncil (EGBC) was established by 2009 and
introduced a national green building rating systethed the green pyramid rating system (GPRS) K¥lfi
2011). Regarding the law and GPRS, we cannot findbos planning criteria to be followed to enhanitg
breathability or outdoor air quality as a resultgafod natural ventilation penetration through thban
fabric. At present in Egypt, any new constructi@ame subjected to the proposed planning stratefpes (
example the proposed strategies of the city of éthelkia 2025, 2032 and 2050) and the unified bugjdéwv.

In the next sections, the unified building law (I&N®.119 for 2008) will be analysed, based on the fo
natural ventilation factors mentioned in previoast®ns.

5.1 Aspect ratio (AR)

In the Law No 119, aspect ratios are not mentiotieeictly. However, building height is defined a® th
distance between the surface of the sidewalk (tlwercentre of the frontal elevation) and the topese of
the concrete slab. Parapets and service roomgfieke| are not considered. The total buildinggheiis the
distance between the surface of the sidewalk (fiteencentre of the frontal elevation) and the hityipesnt
in the building.

The law states that the building height shall n@eed one and a half times the width of road wihigans:
AR=1.5- with a maximum height of 42 m, The legderfor the height of the building on two differeniads
stipulates that: if the building is located at th&ersection of two opposite sides with differentth, the
width of the building height is equal to one antadf times the width of the wider road with a mawim
height of 36 meters.(Ministry of Housing, 2009).

5.2 Floor area ratio (FAR)

In the Law No 119 floor area ratio is defined & tatio of total built up areas of all floors teettotal plot
area. According to article 26, FAR is determinedhmy strategic plan for each part of the city withximum
FAR equal 4 in the case of absence a strategic(Mamstry of Housing, 2009).

5.3 Packing density €P)

In the Law No 119 packing density ia defined as: rhtio of the ground floor built up area to thtatglot
area. According to article 2@P is determined by the strategic plan for each ghthe city (Ministry of
Housing, 2009).
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5.4 Setbacks

In the Law No 119 setbacks are mentioned in diffeterms and definitions.The Regulation Line is lihe
that defines the street and creates boundariesbatpublic and private properties; it could be imithvider

or narrower than the plot boundaries. The Constmdtine is the line within which it is allowed tild on;

it could be the street edge, the same as the Rigulaine or recessed from both. Finally, setbaaks
mentioned in three other terms: frontal setbaclte sietback and rear setback which are definedhas: t
distance between the Property Line and the Congirutine in all directions (Ministry of Housing0R9).
Article 26 states that, in the case of existingets, the Regulation Line is set back by half tifflerénce
between the width of the current road and the meg@owidth when building or reconstructing the plots
(Ministry of Housing, 2009).

6 CONCLUSION

The rapid urbanization we are living nowadays igst@y a number of problems, starting from pedestria
discomfort to the blockage of city breathability.rbdn ventilation is strongly affected by urban
configuration, therefore it is important to be doesed as a mandatory element in building regulatiand
laws.

By comparing the building codes included in the flédi Building Law No0.119 of 2008, and its executive
regulations released in April 2009 by the MinistédrHousing, and the GPRS document released by the
HBRC in the same year; there are serious contiadgtbetween both documents, as the Unified Bugldin
Law and its executive regulations allow buildingid@s and procedures that do not comply with thR&P
Moreover, there is no reference in the Unified B¢y Law to the GPRS or green building in general,is
there any reference to the Unified Building Lawtihe GPRS documentation released by the Ministry of
Housing, Utilities and Urban Development. Thussitlear that the GPRS is an isolated documentdbes

not fit into the current building regulations, rmepresent a law on its own (Ayyad and Gabr, 2018mar,
2012). The most important thing - more than thatieh between the law and the GPRS - is the existeh
natural ventilation as concept, importance and idenation in the law. As studied and mentionechia fast
section, when analyzing the law and the GPRS, tisare direct mention to natural ventilation rethte the
urban environment. Nor do the four main physicagleats affecting the natural ventilation have restd
requirements to enhace urban natural ventilation.

It is important to investigate urban ventilationther, its physical factors and its relation to $aand to
specify the requirements in law to be followed fimize urban natural ventilation and make it ohlfary.
Now that there are a lot of new developments in dbestruction field in Egypt, it is a perfect tine
regenerate the building regulations to supporctreept of natural ventilation in the built envinoant.
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1 ABSTRACT

Urban decay is a global dilemma that can sevewelgken the image, livability, and productivity mbst
cities due to its negative impacts on the builtiemment. Building dilapidation is one form ofoan decay
which can pose a risk to public health, safety @lldweing . The impact of urban decay cannot be
overemphasized particularly in South Africa’s hiitally disadvantaged rural towns such as Thohogand
The aim of this study was to assess the statusiitditg dilapidation in Thohoyandou Central Busismes
District (CBD) in Limpopo province of South Africahe objectives of the study were to map building
dilapidation in Thohoyandou CBD; to investigate tfaises of building dilapidation in Thohoyandou CBD
and to suggest recommendations towards addreseisgsting building dilapidation. This study adopted
qualitative research approach through conductinged0informant interviews and field observationfieT
study revealed that building dilapidation in Thoaoglou CBD is caused by factors such as lack of
municipal by-laws to deal with derelict buildingstegular planning procedures in the constructidn o
buildings; lack of building maintenance, illegalcapation of buildings; negligence of buildings byperty
owners, incapacity of the municipality to rendervases to overpopulated buildings as well as latk o
enforcing building occupant capacity by-laws. Thésdings highlight the complexity of the issue aihe
need for a holistic approach to address urban ddgased on the research findings, the study puth fo
several recommendations to mitigate building ddagion in rural towns like Thohoyandou. The study
suggested recommendations which include formulatimgnicipal by-laws to deal with derelict buildings
stricter enforcement of regular planning procediinesonstruction projects; establishing a dedica@&D
building maintenance plan, conducting Thohoyand@®D(building audits, and regulation of building
occupants’ capacities. Collaboration among stakidrs| including the municipality, property owneasd
the community, is essential for the successful @m@ntation of these strategies. The study conéibiat the
existing knowledge on urban decay and revitaliratiche research findings have significant implicas for
policy and decision-making in Thohoyandou CBD atiteosimilar contexts, aiming to promote sustaiaeabl
urban development and improve the overall qualityfe.

Keywords: central business district, building ditigiion, urban decay, rural towns, spatial planning

2 INTRODUCTION

Urban decay and building dilapidation pose sigaific challenges to the sustainable development and
revitalization of cities and towns worldwide (Nd&k2017). In the context of developing countriesalr
towns often face unique circumstances and compéexiin combating urban decay (Phillips, 2017).
Thohoyandou CBD, a rural town in South Africa, epdifires these challenges, where the deterioration o
buildings has become a pressing issue, negativehadting the town's overall aesthetics, economy, an
residents' quality of life.

This research aimed to investigate the causesmapiecations of building dilapidation in Thohoyand@BD
and to propose strategies for addressing this .i€&pexamining this specific case, the study cboted to
the broader understanding of urban decay and psvidluable insights for similar rural contextsirigc
similar challenges.

According to Saranya and Mewa (2017), building mldation refers to the progressive deterioratiod an
decay of structures, resulting from neglect, inadé€ maintenance, or other contributing factors. In
Thohoyandou CBD, the phenomenon of building dilapah has been escalating, with a growing number of
abandoned or rundown buildings becoming a commght giThulamela Municipality IDP, 2019). The
consequences are multi-fold, including reduced @rtypvalues, increased crime rates, decreased swono
activities, and a decline in community morale (Rys| 2017).
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While the literature on urban decay and buildingmdation predominantly focuses on urban centers i
developed countries, there is a dearth of reseaxemining this issue in rural towns, especiallythie
context of developing countries. Thohoyandou CBDvjled an ideal case study due to its unique
characteristics, including a predominantly rurdting, limited resources, and a history of inadequaban
planning and management.

This study adopted a qualitative research approatilizing a case study research design to explbee
causes and implications of building dilapidation Thohoyandou CBD. By employing key informant
interviews, field observations, and secondary sesjrthe research sought to uncover the underlgiciprfs
contributing to building dilapidation and undersdaheir interconnectedness. Thematic content aisalyas
employed to analyze the collected data, identifyuréng patterns and themes, and draw meaningful
conclusions.

The findings of this study offered valuable insiylimito the complexities of building dilapidation iaral
towns like Thohoyandou and inform the developmdrstimtegies and interventions to mitigate urbacagte
Ultimately, the research aimed to contribute togkisting knowledge base on urban revitalizatidores in
developing countries and promote sustainable udeselopment for the betterment of Thohoyandou CBD
and similar contexts.

3 LITERATURE REVIEW

3.1 Introduction

Urban decay is a significant issue that affecte<itvorldwide, leading to humerous social, economia
environmental challenges (Saranya and Mewa, 2Q1nJerstanding the causes and consequences of urban
decay is crucial for policymakers, urban plannexsd researchers to develop effective strategies for
revitalization and sustainable urban developmehill{fs, 2017). This literature review aims to exi@ the
various dimensions of urban decay, analyze its Wyidg causes, and highlight the importance of
comprehensive interventions.

Urban decay encompasses a range of interconnectddems, including physical deterioration, social
disintegration, economic decline, and inadequdtastructure (Mireku, 2021). Dilapidated buildindgh
crime rates, unemployment, poverty, and spatiatjuaéties are common manifestations of urban decay
(Aubakari, 2021). According to Martinez (2021), tesequences of urban decay are far-reachingtiatje
the quality of life for residents, hindering economrowth, and exacerbating social inequalities.

This literature review serves as a critical compdra a broader thesis focusing on urban decayi@snd
remediation. By examining existing research, tresgriand practical interventions, the review aims to
provide a comprehensive understanding of urbanygdésacauses, and potential solutions. The re\deaws
upon a range of scholarly works, including academniticles, books, and policy reports, to ensure a
comprehensive analysis of the topic. By synthegizhre existing literature, this review seeks tontifg
common themes, knowledge gaps, and emerging tiarttie field of urban decay. It also aims to highti

the significance of urban planning, policy interitens, and community engagement in addressing urban
decay and promoting sustainable urban developridetfindings of this literature review will contrite to

the broader thesis by providing a solid theoretimalndation and informing the subsequent empirical
research and analysis.

Overall, this literature review will play a vitable in understanding the complexities of urban gemad
formulating effective strategies for its mitigatioBy examining the existing body of knowledge, iill w
provide insights into the causes and consequentesrbmn decay and offer recommendations for
policymakers, urban planners, and community stakiens to foster vibrant and sustainable cities.

3.2 Urban Decay: Definition and Causes

Urban decay refers to the progressive deterioradfonrban areas, characterized by physical, soaiad,
economic decline (Martinez, 2021). It encompassewide range of manifestations that collectively
contribute to the degradation of cities and comitiesi Physical decay is often visible through ddaped
buildings, crumbling infrastructure, and abandospdces (Suite, 2023). Social disintegration inv®ltre
breakdown of social networks, increased crime rgteserty, and social inequalities (Lombardo, 2017)
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Economic decline manifests as unemployment, deedeas/estment, and a shrinking tax base (Ndlebe,
2017).

Urban decay is the result of a complex interplayasfous factors, including economic, social, atahping-
related aspects (Philip, 2017). Economic factoey @ significant role in the deterioration of urbaneas.
The decline of traditional industries, such as nfacturing, can lead to high unemployment rates and
poverty, creating a cycle of disinvestment and idec(Letlape, 2019). Global economic forces, sugsh a
deindustrialization and globalization, have alsatdbuted to the decay of certain cities and neaghbods
(Suite, 2023).

According to Glaeser and Gyourko (2005), sociauéss including crime, social inequality, and social
dislocation, are intertwined with urban decay. Hagime rates, often associated with urban decaateran
atmosphere of fear and insecurity, discouraging@stment and economic activity (Attwood, 2013). 8bci
inequalities, such as unequal access to qualitgatitun, healthcare, and housing, further perpetudian
decay (Davis, 2018). Social dislocation, causedfdmtors such as migration, racial segregation, and
gentrification, can disrupt social cohesion andcexate urban decay (Fahey, 2017).

Inadequate urban planning and governance contréigteficantly to urban decay. Poor land-use plagni
zoning regulations, and lack of comprehensive udigrelopment strategies can result in mismatchedl la
uses, uncontrolled sprawl, and neglect of certagéighborhoods (Kandzija et al., 2017). Insufficient
investment in infrastructure maintenance and rehéseamls to the physical deterioration of buildireysd
public spaces (Lewis, 2013). Additionally, inadefgueommunity participation and lack of account&piin
decision-making processes can hinder the revitiizaf decaying areas (Nassaji, 2015).

The impacts of urban decay are detrimental to bmimmunities and cities as a whole. Decaying
neighborhoods often experience a decline in prgpetues, making it difficult for residents to sdfleir
homes and move elsewhere (Onuoha, 2014). This kaies residential segregation and hinders social
mobility. Urban decay can also lead to decreasedeteenues for local governments, limiting theipaeity

to provide essential services and invest in infuastire (Vera, 2015).

Furthermore, the negative impacts of urban decsgneixbeyond economic and social realms. Deteriayati
physical environments contribute to poor healttcontes, as decaying buildings may contain healthrdaz
such as lead, asbestos, or mold (Zack, 2015). dtledf green spaces and the degradation of theahatu
environment further exacerbate health dispariteslecaying neighborhoods (Kweon et al., 2017). brba
decay also perpetuates a negative cycle, as ibulisges private investment and perpetuates a sdnse
hopelessness and disengagement among residenss 2B68).

In conclusion, urban decay is a multifaceted phesrmn with profound impacts on communities and gitie

Its manifestations encompass physical, social, enwhomic decline. Economic factors, social issaes),
inadequate urban planning all contribute to the rgevce and persistence of urban decay. The negative
impacts of urban decay include reduced propertyesldiminished tax revenues, health hazards, @gidl s
disintegration. Understanding the causes and irapaictrban decay is essential for formulating efec
strategies for revitalization and sustainable urtbevelopment.

3.3 Importance of Addressing Urban Decay

Addressing urban decay is of utmost importanceafiftieving sustainable urban development and ergsurin
the well-being of communities (Bess, 2008). Negperturban decay can have severe consequences that
extend beyond the physical deterioration of neighbods (Awumbila, Owusu, and Teye, 2014). By
understanding the significance of addressing urecay, policymakers, urban planners, and community
stakeholders can work towards implementing comprsifte strategies to revitalize declining areas I{Bsa
etal., 2011).

One of the potential consequences of neglectingrurtiecay is the increase in crime rates. Decaying
neighborhoods often experience higher levels ofioil activities due to the lack of social control,
disinvestment, and limited economic opportuniti€sefitsil and George, 2018). The presence of vaaraht
abandoned properties creates a breeding grourwifioinal behavior and contributes to a sense adnsty
among residents (Galeser, 2011).

Environmental degradation is another consequencebain decay. Neglected areas are more likelyffersu
from poor environmental management, including iga@¢e waste disposal, pollution, and the loss eégr
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spaces (Harrison, 2002). This not only negativedgacts the quality of life for residents but alsmtibutes
to health hazards and the degradation of ecosysthilips, 2017).

Furthermore, neglecting urban decay can result enliming property values, exacerbating economic
inequalities and hindering economic growth. Detating neighborhoods face challenges in attracting
investments and businesses, leading to a downwaral ®f disinvestment and limited job opporturstie
(Taipale, 2011). The decline in property value® a@fects homeowners and can lead to financiahbility

and limited mobility for residents (Ndlebe, 2017).

To effectively address urban decay, comprehendiategies are required. Piecemeal approaches &me of
insufficient and fail to tackle the root causesdeicay (Okrent, 2009). Comprehensive strategiesighou
encompass physical, social, economic, and envirotahaedimensions of urban development (Onuoha,
2014). This may involve targeted investments inasifructure, affordable housing, and communitylitaes,

as well as promoting community engagement andgiaation in decision-making processes (Parab et al.
2020).

In summary, addressing urban decay is crucial tistasnable urban development. Neglecting urbanydeca
can have detrimental consequences, including ieerkacrime rates, environmental degradation, and
declining property values. It is imperative to adepmprehensive strategies that address the uralgrly
causes of urban decay and foster revitalizationd@gg so, cities can promote social equity, emmental
sustainability, and economic growth, ensuring vibi@nd inclusive communities for the future.

3.4 Approaches to Urban Decay Remediation

Urban decay remediation requires a multifacetedragmh that encompasses urban renewal programs,
community development initiatives, and effectivemdause management frameworks (Smith and Sarah,
2008). This section explores these approacheshaircrole in addressing urban decay.

3.4.1 Urban Renewal Programs

Urban renewal, a concept rooted in the post-Worlar W era, aims to revitalize deteriorating urbanas
through comprehensive redevelopment strategiesir€dqand Kubrin, 2005). These programs emerged in
response to the challenges of blight, substandaudihg, and social dislocation (Bess, 2008). Ungzrewal
initiatives have been implemented worldwide, sustthe regeneration efforts in London's Docklands an
the revitalization of New York City's Times Squdiéera, 2015). However, the effectiveness of urban
renewal strategies has been a topic of debate.eWhiy can rejuvenate declining areas and attract
investment, they often face criticism for causingpthcement, eroding local cultures, and neglectiogjal
inclusivity (Zach, 2015).

3.4.2 Community Development Initiatives

Community-based approaches play a vital role inregking urban decay by empowering residents and
fostering social cohesion. Such initiatives invoaative participation from community members, grasts
organizations, and local authorities (Wilkersoralet 2014). Successful examples of community-lddref

can be found worldwide, including the establishmaintommunity land trusts in the United States tred
creation of self-help housing projects in Brazij(8es and Kubrin, 2005). These initiatives notycadidress
physical decay but also promote social capital angpowerment. However, challenges exist, including
limited resources, unequal power dynamics, andhéeel for sustained community engagement (Pardh et a
2020).

3.4.3 Land Use Management Frameworks

Land use management systems (LUMS) are essential far regulating land use and preventing fricdibn
blight. LUMS encompass various mechanisms, suclaras use policies, framework plans, and land use
schemes, which guide decision-making processespaochote harmonious land development (Okrent,
2009). The Thulamela district in South Africa pides an example of a comprehensive LUMS. In this
district, the Land Use Management System (LUMS)y®la crucial role in managing land use and
development, aligning with the Integrated Developmélan's policy and strategic-based decisions
(Mavhunga et al., 2019). Such frameworks help raiggconflicts between incompatible land uses, emgur
sustainable urban development and avoiding théwtial effects of urban decay (Onouha, 2014).
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3.4.4 Spatial Planning and Land Use Management Act (SPAUM

The Spatial Planning and Land Use Management A2L(B/A) serves as a comprehensive framework for
spatial planning and land use management in SoutitaA It requires the preparation of Spatial
Development Frameworks (SDFs), which lay out arcigsion for long-term development goals (Vera,
2015). SPLUMA addresses the causes of urban dgcpyobiding regulations for spatial planning, lamse
schemes, and urban management. It aims to pronpatalssustainability and efficiency. For instance,
SPLUMA emphasizes sustainable land use, limits urgrawl, and encourages the redevelopment of
existing structures (Taipale, 2011). By adoptind-SMA and adhering to its goals, municipalities can
effectively tackle urban decay and promote suskdénarban development (Nassaji, 2015).

In conclusion, addressing urban decay requires mpoehensive approach that includes urban renewal
programs, community development initiatives, effectand use management frameworks, and adherence t
relevant legislation such as SPLUMA. Urban renegrabrams can rejuvenate deteriorating areas, leyt th
must consider social inclusivity and avoid disptaeat. Community development initiatives empower
residents and promote social capital, althoughlehgés of resource constraints and power dynarriss e

3.5 Integrated Development Planning

Integrated Development Planning (IDP) is a crucahcept in addressing urban decay as it provides a
comprehensive framework for coordinating variousanping processes and promoting sustainable
development (Zach, 2015). The municipality of Tiida's IDP plays a significant role in addressirtgan
decay within its jurisdiction.

IDP refers to a strategic planning process thaggmadtes various sectors and stakeholders to ghigle t
development of a municipality or district (Vera,1&). It serves as a primary instrument for inforgnin
planning, management, and decision-making procg&mgh and Sarah, 2008). The IDP recognizes the
interconnectedness of social, economic, and enviemtal factors, aiming to create inclusive andanable
communities (Bess, 2008).

The municipality of Thulamela's IDP is crucial iddressing urban decay within its region. It proside
framework for aligning national and provincial Islgition with local planning requirements (Kand&jzaal.,
2017). The IDP identifies the plans and planningurements that are binding on the municipality and
outlines the principles and procedures for consatliaand coordination with local municipalities {@Reblic

of South Africa, 2000). By integrating various ptémg processes, the IDP ensures a holistic apprtach
urban development and helps overcome the challaggeiated with urban decay (Branas et al., 2011).

The Thulamela municipality's IDP encompasses bothl and urban issues, addressing the declininigy bui
form and physical environment in the region. Urbdecay often results in a lack of coherence and
functionality in cities, hindering their overall wvldopment (Crentsil and George, 2018). The intégmadf
various activities, guided by the IDP, enablesrthumicipality to address urban decay by promotirgative
land use, infrastructure development, and soc@ligion (Thulamela Local Municipality, 2018).

The IDP's strategic planning approach ensures dhatecisions related to planning, management, and
development are informed by a shared vision andsg@epublic of South Africa, 2000). It enables the
municipality to prioritize interventions and alldearesources effectively, taking into account thectic
challenges associated with urban decay (Awumbilau€dw and Teye, 2014). By integrating spatial
development frameworks, land use management systants community-driven initiatives, the IDP
contributes to a coordinated and comprehensiversspto urban decay (Craig and Dougla, 2005).

In summary, integrated development planning playdtal role in addressing urban decay by providing
holistic and coordinated approach to urban devetynilhe municipality of Thulamela's IDP servesaas
strategic planning instrument, aligning nationadl gmovincial legislation with local planning regaiments.
Through the integration of various planning proessshe IDP enables the municipality to addresarurb
decay challenges and promote sustainable and imeldevelopment in both rural and urban areas.

3.6 Conclusion

This literature review has examined the concepirbfin decay, its causes, impacts, and the appreache
remediation. The review highlighted the significanof addressing urban decay for sustainable urban
development and emphasized the need for comprefecsisategies.
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Urban renewal programs have been identified asyaak@roach to revitalizing deteriorating urban area
However, it is crucial to consider their effectiess and limitations, as well as the importanceoafraunity
development initiatives. Community-based approagiiag a vital role in empowering local communities
and fostering sustainable change. Additionally, theiew explored the role of land use management
frameworks, such as the LUMS in the Thulamela distrand the Spatial Planning and Land Use
Management Act (SPLUMA) in guiding land use andedepment. These frameworks provide regulatory
mechanisms to prevent frictional blight and pronmmemonious land use.

Moreover, the municipality of Thulamela's integchtievelopment plan (IDP) emerged as a significaoit t

for addressing urban decay by integrating variodanmpng processes and promoting sustainable
development. To combat urban decay effectivelyriutesearch should focus on evaluating the outsahe
urban renewal programs, analyzing the long-termartg of community development initiatives, and
exploring innovative approaches within land use agmment frameworks. Additionally, interventions
should prioritize the implementation of compreheasistrategies that integrate multiple approaches,
including urban renewal, community development,dlarse management, and integrated development
planning.

4 RESEARCH METHODOLOGY

4.1 Introduction

This section provides an overview of the researethodology, highlighting its significance in addsies

the research objectives. The research design, agiprand key components are briefly discussedngétte
stage for the subsequent sections. The chosenalivaliresearch approach is justified based oahiiiéty to
capture human expressions, experiences, and obses:al he case study research approach is exglaisie
suitable for conducting a thorough and in-deptidwtof urban decay. The section also establishes the
context for the research methodology and its ingrane in generating genuine and authentic results.

4.2 Research Approach

A qualitative research approach was chosen to maghe nuances and insights of the human mind in
relation to urban decay. Qualitative research aldar open and transparent expression of opinions,
experiences, and observations. It enables a despumrstanding of how individuals make sense ofrthei
urban environment (Neumen, 2013). By adopting & sasdy research approach, the study aims to coaduc
comprehensive and in-depth examination of urbamyetarrowing down complex issues into manageable
and investigable problems. This approach is pdaibyusuitable for qualitative research and faathits the
application of theories or models to real-world pi@ena (McLeod, 2014). It also addresses the rared f
researchers to gain insights into urban collapsktanmplications.

4.3 Study Population

The study population consists of key stakeholdevelved in the building dilapidation of Thohoyandou
CBD. This includes municipal officials, property ogrs, and tenants within the CBD. Selecting thétrig
participants is crucial for the accuracy and reteeaof the study. Understanding the characteristios
preferences of the target audience helps in obigiprecise and meaningful research outcomes (Murphy
2016)

4.4 Sampling Procedure

The sampling procedure for this study involved siedection of a sample group to be studied instdad o
attempting to study the entire population (Cresw&ii13). Non-probability sampling methods were aedp
due to the qualitative nature of the research. ¢&ive sampling was used to select municipal officia
involved in spatial planning issues within Thohogan CBD, while convenience sampling was employed to
identify property owners and tenants within the CBIbe choice of sampling techniques aimed to gather
information from relevant individuals who had knedfie and experience related to the research tBpic.
using a combination of purposive and conveniengap$ing, the study ensured the inclusion of key
stakeholders who could provide valuable insight® ithe building dilapidation in Thohoyandou CBD
(Reddy, 2017).
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4.5 Data Collection

The data collection process for this study involbadth primary and secondary data sources. Primaty d
collection methods included key informant intervéeaind field observations. Key informant interviemese
conducted with 13 municipal officials, 2 propertwreers, 4 tenants, and 1 informal trader within the
Thohoyandou CBD. These interviews provided valuab$ights into the perspectives and experiences of
key stakeholders involved in the building dilapidatissue. Field observations were carried out &ppm
dilapidated buildings within the CBD using an obsdion checklist and capture photographs of the
buildings.

Secondary data collection involved gathering infation from various sources such as local government
documents including the Thulamela Vision 2030 doenitnthe Thulamela Integrated Development Plan
(IDP) 2021/2022, and the Thulamela Spatial Develapnirramework (SDF). Additionally, previous studies
such as journal articles and papers were reviewgain a better understanding of the research @noklind
explore existing knowledge on urban decay andakxétion efforts.

The collected data, both primary and secondarygseas the basis for the analysis and interpretatiadhe
research findings. Thematic content analysis wadieap as the method of data analysis, which inwblve
identifying patterns and common themes in the weer data (Braun and Clarke, 2006). This analysis
approach allowed for a comprehensive exploratioth@fdata and facilitated the achievement of tsearch
objectives.

4.6 Qualitative Data Analysis

Qualitative data analysis plays a crucial role mcavering patterns, themes, and meanings within the
collected data, providing valuable insights inte tlesearch topic. In this study, thematic conteratyeis
was chosen as the method for data analysis (Cres2@dl3). Thematic content analysis is a systematic
approach that involves identifying, organizing, amigrpreting patterns or themes in qualitativead&@raun

& Clarke, 2006).

Thematic content analysis was selected due taiitalslity for analyzing rich textual data and #bility to
uncover common themes and patterns across theiewar and observations (Reddy, 2017). By using this
method, the research team aimed to identify remgrideas, concepts, and perspectives related tdirmyi
dilapidation in Thohoyandou CBD.

The process of analyzing the raw data involved redwsteps. First, the transcripts and field notesewread
and re-read to gain a comprehensive understanditizeadata (Shareia, 2016). Then, meaningful upiits
information were coded, assigning labels to segmehtdata that captured important concepts or teeme
These codes were then grouped together to forndbraztegories or themes. Through an iterativega®ic
the research team refined and revised the thentésawmoherent and comprehensive set of themesgader
(Robson and McCartan, 2016).

Rigor and reliability were maintained throughoue tanalysis process by employing strategies such as
intercoder agreement, member checking, and peeietiag (McMillan and Schumacher, 2014). Intercoder
agreement involved multiple researchers indepehdeatling a subset of the data to ensure consigtend
agreement in the coding process (Hadi and Closk;)20/ember checking allowed participants to review
and validate the interpreted findings, ensuringrtherspectives were accurately represented ((Emidis

and Fountouki, 2018). Peer debriefing involved segKeedback from other researchers to enhance the
credibility and trustworthiness of the analysis.

By employing thematic content analysis and maitgimigor in the analysis process, this study airteed
provide a robust and comprehensive understandinghef causes and recommendations for building
dilapidation in Thohoyandou CBD.

4.7 Ethical Considerations

The study adhered to a set of ethical consideratiorensure the rights and well-being of the pigiats.
Approval was obtained from the university's reskand innovation policy committee, ensuring tha th
study met ethical standards. Voluntary participatiwsas emphasized, allowing participants to choose
whether or not to take part in the study withoutrcmn. Informed consent was obtained from pardicip,
ensuring they were fully informed about the purpgeecedures, and potential risks involved. Anortymi
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and confidentiality were maintained to protect jgpants' identities and ensure their responsesired
confidential. Potential for harm was minimized nducting the study in a sensitive manner and diogi
support resources if needed. Finally, results conioation involved sharing findings with participarand
the wider research community, ensuring transparandyaccountability.

The ethical considerations followed in this studigra with established guidelines and principles for
conducting ethical research (Polit and Beck, 20By)upholding these ethical standards, the studhedito
protect the rights and well-being of the particizaand ensure the integrity and trustworthinesshef
research process.

4.8 Conclusion

This research methodology section has discussedkeheclements of the study's research design, data
collection methods, and data analysis techniqules.eéimphasis has been placed on the adherencedal eth
considerations, including voluntary participationformed consent, anonymity, confidentiality, aratemtial

for harm. Rigorous data collection and analysis hoe$, such as key informant interviews, field
observations, and thematic content analysis, warglayed to ensure the reliability and validity dfet
study's findings. The relevance of the researcthougtiogy in achieving the research objectives heenb
highlighted, as it provides a robust framework dioderstanding and addressing the issues relatath&m
decay. By following ethical guidelines and emplayingorous research methods, this study aims to
contribute valuable insights and recommendationaddressing urban decay effectively.

5 RESULTS AND DISCUSSION

5.1 Introduction

This section aims to present and interpret theifigel of the study. This chapter begins by summagizihe
research questions or hypotheses addressed andipgoa concise overview of the collected or anatyz
data. The presentation of results focuses on tldikdings, organized in a logical manner from thest
important or significant to the least. The discossof findings involves interpreting and analyzitige
results in relation to the research questions @otheses. Throughout the discussion, referenceageno
existing literature to compare and contrast theerurstudy's findings with previous research. Emnsghes
placed on identifying patterns, trends, and reteigps observed in the data, while offering expiana or
potential reasons for the observed results.

5.2 Research objective 1: Which buildings have dilapid&d in Thohoyandou CBD?

Name of dilapidated building Privately owned/ Ownedby the municipality
Noorani complex Privately owned

Gole complex Privately owned

Thohoyandou inter-modal taxi rank Owned by muniliipa

Matidza complex Privately owned

NTK Thohoyandou Privately owned

Post office Owned by Municipality

Jjays Bottle store Privately owned

Mutsindo mall Owned by municipality

Luvhengo Complex Privately owned

Table 1 Dilapidated buildings in Thohoyandou CBD.

The study found that that there are dilapidatettings around Thohoyandou CBD. Some of these mghkli
include Noorani complex, Matidza complex, Mutsinaall, Gole complex, NTK, Post Office, Luvhengo
complex and are presented in table 4.1. above.r@digmn of the Noorani complex showed that theicgil
was decaying, the wall were peeling off and theegensome electrical cables hanging on the balctaglss
which are rusting. Findings of the study suggeshed this was a result of a lack of maintenancéhis
building. The findings show that the building idagidating and may be contributing to urban decay i
Thohoyandou CBD. Observation of the Thohoyandoermbdal taxi rank showed a razor wire abandoned
on the stairs of the structure to show that theels not in use. Further observation of the NTKl an
Thohoyandou Post office building showed that thildings were in very poor condition, most windowfs
the buildings were broken and their roofing wadingsand striping off along with the interior walf the
buildings.
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5.3 Research question 2: What are the causes of buildjrdilapidation in Thohoyandou CBD?

Through interviews with key informants, the studjentified various factors contributing to building
dilapidation, including the lack of bylaws, irregulplanning procedures, inadequate building maantee,
illegal occupation of buildings, neglect by progesivners, the municipality's incapacity to rendenvies,
non-regulation of building capacities, and overalow. This following highlights the key findings:

Lack of Bylaws: One significant cause of buildingagidation in Thohoyandou CBD is the absence of
bylaws to deal with derelict buildings. AccordirmgKey Informant A, "The absence of bylaws to dedhw
derelict buildings is a major challenge. We lacgulatory instruments to enforce compliance and ensu
building maintenance." Bylaws serve as crucial l&guy instruments for creating inclusive, accelgsibnd
safe cities (Ndlebe, 2017). According to Van diQ7), they enforce compliance and have the paietati
bring positive change to the city's safety profileer time. However, the lack of effective bylawadwgrs the
municipality's ability to control human and corperdehavior, contributing to the deterioration afléngs
(Luyt, 2008).

Irregular Planning Procedures: The irregular plaggirocedures in the construction of buildingshsas the
intermodal taxi rank, have also played a role iflding dilapidation. Key Informant B stated thaRdor
planning and budgeting, coupled with inadequate itoong, have led to structural issues and improper
provision of housing." Poor planning and budgetiecgupled with inadequate monitoring by local
municipalities, lead to structural issues and irpproprovision of housing (Boraine, 2010). Thesddisc
negatively impact the condition of buildings, remg in urban blight and aesthetic degradation (&#ak
2014).

Lack of Building Maintenance: The lack of buildimgaintenance exacerbates the problem of dilapidation
Key Informant C emphasized the following, "Buildiryvners often display ignorance and a delayed
response to maintenance issues." Building ownetsnoflisplay ignorance and a delayed response to
maintenance issues, leading to the worsening dfl@nes such as sanitation, electricity, and watel€he,
2017). Additionally, the absence of bylaws regualgtiderelict buildings allows mismanagement by
landlords, affecting both revenue and the oveigllaesthetics (Andile, 2018).

lllegal Occupation of Buildings: The illegal occujoa of buildings, particularly by foreign businessners
seeking better living standards, contributes ta@wsvding and strain on municipal services. Keyinfant

D pointed out the following, "The illegal occupatiof buildings by foreign business owners seekiete
living standards has led to overcrowding and stoirmunicipal services." The influx of people ireses
the demand for services, including water, eledyricand solid waste disposal, which the municigalit
struggles to provide (Chen et al, 2014). AccordingGraham (2020), this influx further leads to the
deterioration of buildings in the CBD.

Neglect by Property Owners: A significant issueTihohoyandou CBD is the neglect of buildings by
absentee property owners who prioritize rent cttbec over property maintenance. Key Informant E
highlighted the following, "Absentee property ows@rioritize rent collection over property mainteoa."
As absentee owners often reside elsewhere, theggdisl the condition of the buildings, leading &xay
and a decline in the aesthetic appeal of the CBBnflaris, 2014).. According to Murimoga and Musfinga
(2014), the lack of control over tenants and aedjard for building upkeep contributes to neighbooch
decline and blight.

Municipal Incapacity to Render Services: The mupatity's inability to effectively deliver servicesuch as
water, electricity, and sanitation, exacerbatesdmg dilapidation. Key Informant F stated the éwlling,
"The municipality's inability to effectively deliveservices exacerbates building dilapidation.” @@wvding
caused by illegal occupants puts pressure on thtédiies, leading to inadequate service provisigndole,
2016). Poor leadership, governance, and financiaimanagement further contribute to the ineffective
delivery of services (Routhe, 2018).

Non-regulation of Building Capacities: ThohoyandGBD faces the challenge of large buildings with
limited maintenance and insufficient space. Acamgdio Key Informant G, "The lack of regulation
regarding building capacities affects the clearmsinehealth, and overall functionality of the CBD."
Overcrowding, especially due to the presence efdl traders, obstructs proper infrastructure agreént
and service provision (Phillips, 2017). The lack refulation regarding building capacities affedts t
cleanliness, health, and overall functionalityted CBD (Graham, 2020).
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Overcrowding: The rapid population growth in Thohoglou CBD, driven by people seeking access to
services, intensifies the pressure on buildings: Kéormant H explained the following, "Rapid poptibn
growth in Thohoyandou CBD intensifies the pressare buildings." Small offices in rental buildings
accommodate more people than the municipalitygetad capacity for service provision. Overpoputatio
leads to inadequate maintenance, strain on wiliiad ultimately, the dilapidation of buildings.

The causes of building dilapidation in Thohoyan@RD are multi-faceted and interconnected. The atesen

of bylaws, irregular planning procedures, inadeguatilding maintenance, illegal occupation, neglegct
property owners, municipal incapacity, non-regalatiof building capacities, and overcrowding all
contribute to the deteriorating state of the buigi. Addressing these issues requires a holispcoaph,
including the implementation of effective bylawsgproved planning processes, increased maintenance
efforts, and better service provision. It is impee for stakeholders, including the municipaliproperty
owners, and the community, to work collaborativielywards revitalizing the CBD and ensuring its ldagn
sustainability.

5.4 Research question 3: Which recommendations can baggested to address building dilapidation in
rural towns such as Thohoyandou?

This section focuses on several key strategiesdtlveas the challenges related to derelict buildizgd
urban decay. These strategies include formulatiylgws, enforcing planning procedures, establiskang
dedicated CBD building maintenance plan, evictiiggal occupants, conducting building audits, and
regulating building capacities.

One crucial strategy identified is the formulatiminbylaws to deal with derelict buildings. The respible
person or persons who violate these bylaws wouldebe liable for damages and costs incurred byabal
authority to address the issue (Bess, 2008). Byeldping and enforcing these bylaws, Thulamela
municipality can ensure accountability and promtte proper maintenance of buildings (Thulamela
Municipality, 2023). To ensure compliance with thgaws, authorized officials would be appointedtby
municipal manager or relevant authority. Thesec@fs would have the right to enter any building or
property at any time to assess compliance and isstiees as necessary. This approach aims to pgreven
hindrances to the authorized officials' authorityl @nable effective enforcement of the bylaws (aimdla
Municipality, 2023).

Another strategy involves stricter enforcement t#nping procedures in the construction of buildings
Clients would be required to prepare baselineasdessments for construction projects, and theaipatity
would enforce planning procedures based on thesssments (Phillip, 2017). This would ensure tkatth
and safety specifications are incorporated intodisegn phase and that contractors comply withlatigas.
The goal is to enhance the longevity and sustdihabf buildings while prioritizing safety (Karrin2011).

Establishing a dedicated CBD building maintenandan pis also crucial for overcoming building
depreciation (Taipeli, 2011). This plan would foaus energy-efficient and adaptable buildings theateh
long-term value and longevity. By implementing teictal systems and services that are easily refditeea
and maximizing passive methods, buildings can becomre sustainable (Lambardo, 2017). Additionally,
water collection, purification, and energy gen@matshould be integrated into building designs. &itting
public buildings can serve as examples of sustérnadactices (Karrin, 2011).

The eviction of illegal occupants from buildings amother key strategy to address urban decay. The
municipality would take action against illegal landcupiers with the property owner's permissionckZa
2015). This includes submitting charges of trespassssuing eviction notices, and demolishing oisted

or unoccupied structures (Vera, 2015). Agreemeritis significant landowners would also be pursued to
enable swift response to land invasions (Thularvlaicipality, 2023).

Conducting building audits in the Thohoyandou CBDeissential to ensure that buildings are used in
accordance with their intended purpose. Many bugsliin the area are occupied by businesses thahatay
align with their original designation (Bess, 2008nnducting audits and comparing the informatiotamd

use applications with actual usage can help idedt#fcrepancies and enforce appropriate zoningadgos
(Thulamela Municipality, 2023). Lastly, the regitet of building capacities is crucial for efficieand
effective building regulation (Vera, 2015). Thuldmenunicipality can implement a building regulatory
capacity assessment strategy to gather essenfimiztion, identify gaps, and establish a basefore
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improvement (Andole, 2016). This assessment can imicgtreamlining product certification, design,
construction, and approval processes, ultimateharaing the market's efficiency (Thulamela Munititga
2023).

In summary, the strategies presented above offengrehensive approach to addressing derelictibhgsd
and urban decay. By formulating bylaws, enforcihgnping procedures, establishing maintenance plans,
evicting illegal occupants, conducting building #sid and regulating building capacities, Thulamela
municipality can promote accountability, sustaitighiand revitalization in urban areas. Thesetegges
emphasize the importance of compliance, safetyptatdity, and efficient building management to iavle
long-term improvements in urban environments (Timagla Municipality, 2023; Karrin, 2011).

6 CONCLUSION

This research shed light on the challenges posduliitging dilapidation in Thohoyandou CBD, a rutaivn

in South Africa. The study explored the causes iamglications of this issue and proposed stratefpes
addressing urban decay in similar contexts. Thraughalitative research approach and a case stsigrg
the research uncovered the underlying factors itating to building dilapidation and highlightedeih

interconnectedness.

The findings of this study have significant impticas for urban revitalization efforts in develogin
countries, particularly in rural towns facing siamilchallenges. By understanding the causes of ibgild
dilapidation and its consequences, policymakernsammplanners, and community stakeholders can devise
targeted interventions to reverse the decay anth@ie sustainable development. Moreover, this rekear
contributed to the existing knowledge base on urbecay by providing insights from a rural perspagti
which has been largely overlooked in previous ditere. The study emphasized the need for tailored
strategies that address the unique circumstancasraf towns, such as Thohoyandou CBD, including
limited resources and inadequate urban planningrearthgement.

By implementing the proposed strategies, such asramity engagement, capacity building, and strategi

partnerships, Thohoyandou CBD can reclaim its vibyaand become a model for sustainable urban
development in rural areas. Additionally, the lessdearned from this study can be applied to simila

contexts worldwide, fostering inclusive and resitieommunities.
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1 ABSTRACT

The automation in the transportation and mobiliégter, particularly the use of autonomous systams i
public transportation, presents novel challenges/émious user groups despite offering numeroustipes
aspects. Autonomous vehicles, particularly in thendins of micro-public transportation and car sigri
have the potential to serve as a flexible mobgiyution for individuals without a driver's license those
who are physically or mentally incapable of opergta vehicle. To ensure equitable access to thengal

of independent and flexible mobility for all inddtials, the design of autonomous transportation moudest
be inclusive.

The Austrian“AM4Kids” project (August 2020 to Octb 2023) imparts knowledge on mobility and
transport system planning to children and juvenilesthe context of the progressive automation of
transportation and mobility modes, focusing on phiaciples of inclusive mobility offerings. Childneand
juveniles have attended several workshops on ntylailid inclusion for over three years. In the fis&lge

of the workshop series, the children and juvenilegelop their visions and ideas for automated ritgbil
discussing the opportunities, risks, and conseqgefor themselves and other groups.

One way to better understand and visualise the veidge of everyday lives of people with disabistiéheir
mobility patterns, and mobility options is to use tpersona concept. This method aims at packagilg r
users’ motivations, needs, wishes and ambitiorssritodel to better integrate future research artthtdogy
development of automated mobility with the wantd aeeds of users. Personas do not represent the who
range of user diversity. However, they enable pasiand developers to deal realistically with theasions
and mobility needs of the relevant groups of peaple allow specific analyses to implement userrbeie
transport solutions.

This paper outlines the methodology applied andréselts achieved to make them accessible to albroa
professional audience. The project demonstratdésktimaviedgeably selected personas provide addeceval
in developing technologies. They can also be engulag the further education and sensitisation dficdn

and juveniles.

Keywords: awareness, persona, inclusion, autormatdlity, children

2 INITIAL SITUATION

This paper is a follow-up to the 2022 paper emitltdutomated Mobility and Inclusion as Educational
Topics for Children and Juveniles and as TasksRegponsibilities of Mobility Planning: Work-Reparh
the Project AM4Kids” (Hohenecker et al. 2022).

The project assumes that people with disabiliteshdt have some “special needs” which would sainthe
apart from non disabled transport participantstelad, and in line with the social model of disaigii, the
design of environments, infrastructures and vekidkeglects them as potential and actual users. néeg
awarness to be represented in the mindsets ofictrpfanners, traffic engineers and decision-makers.
Exclusion, therefore, is not a consequence of podipairments but of failing to upgrade and to gethse
chances of participation, e.g. in terms of univiedssign or design for all principles. The projedtns to
broaden the scope of reflection on how traffic eys, including infrastructures, vehicles and emrinents,

are planned, designed and built and how humanicitgatan intervene and change these human-made
structures. Contemporary (interface) design appresenust address these issues on a general anacabst
level. They emphasise the diversity of road useups by constructing “personas” (Cooper et al. 2007

REAL CORP 2023Proceedings/Tagungsband ISBN 978-3-9504945-2-5. Editors: M. SCHRENK, V.ROPOVICH, P. ZEILE, E
18-20 September 2023 — https://www.corp.at P. ELISEI, C.BEYER, J. RYSER, H. R. KAUFMANN - Ljljana, Slovenia



Application of the Persona Concept to Convey Soci8ligtainable and Responsible Transport System Rkariai Children and
Juveniles Considering Autonomous Vehicles: Work Repoithe Project AM4Kids — Future Workshop

which are fictional but realistic characters withncrete situations and specific aims in their déilgs as
well as broader biographical perspectives (see €h&oin this paper). Personas are a fruitful stgrpoint
for pedagogical work as they are a dialogue paitmeieveloping ideas for a future mobility systerhey
help children and juveniles in educational settibgsdevelop forward-looking responsibility when yhe
imagine future traffic systems and transport modes.

The focus is on children and juveniles who gaingiisinto transportation planning and the assodiate
research fields and research processes within rreefvork of the project. The guiding statement is
“Today’s children and juveniles will be tomorrowsers and decision makers of automated mobility”
(Hohenecker, Knoll et al. 2022). Children and julenshall learn about the wants and needs of skver
traffic participant groups, to deal in particulaittwthe prospects for the development of automatedility,
and to develop and reflect their visions of theifetin the subject area of mobility.

The project consortium of AM4Kidsis composed of sociologists, transportation plasinéandscape
architects, civil engineers and legal experts fouen the needs of people with disabilities. Sitedent
schools with fourteen overall classes participatedhe project. Age groups from primary school to
secondary school level 2 are represented. Theedagwsy in terms of school levels and in terms wgfils
with disabilities involved as well as educationaésialisation. Table 1 gives a brief overview af ttumbers

of participating school classes. For example, arfeal has some children with visual impairments and
another school focuses on technical and engineedaogation.

school level school classes and timeline summarising unique characteristics

primary school eight classes: in three different inclusive school and all-day school, volatile
(age group 6-10 years)  schools from 08-2020 until 10-2023 school, classes with special educational needs
(integrative class)

secondary school level 1 two classes: one school since 08-202€chool for children with visual impairment,
(age group 10-14 years) until 10-2023 and two classes: one  classes with special educational needs
school from 01-2023 until 10-2023  (integrative class)

secondary school level 2 two classes: one school from 08-202Wocational college, juveniles with technical &
(age group 14-20 years) until 10-2023 engineering education

Table 1: Overview of participating school classesgzhool level

The AM4Kids project comprises three phases. Childaed juveniles went through all phases using age-
appropriate teaching materials developed in theecof the project.

Phase one focused on knowledge building aboutlityohnd inclusion. Workshops conducted in phase 2
aimed at reflecting on their own mobility behaviamd learn about the needs of diverse traffic gigent
groups. In phase three, the children and juvedige®lop their vision of the future of mobility.

The current paper refers to the project’s thirdsphend presents workshop materials and the rexfulités
phase. Chapter 2.1 gives a summary of the projgicitees to date.

2.1 Previous project activities

The children and juveniles receive insight into migbresearch within the project. They learn tosebve
mobility from different perspectives and reflect thieir mobility patterns. The aim is to learn aboability
demands, needs and situational requirements afustiaffic participant groups.

2.1.1 Phase 1 - Building knowledge

Phase one consists of expert lectures (task 13¥jtisation workshops about inclusion (task 2) antihree
travel into the history of mobility (task 3). Thepert lectures and workshops aim at explaining figland
traffic system planning, give insight into our gawork and shall trigger curiosity about transpaenning
and inclusion in general. Moreover, the key figuses indicators of mobility and their meaning imgice
are explained. In the sensitisation workshopsntexds and demands of visually impaired and bliraplee
are addressed. The workshop started with a theatd@titroduction to assistive devices and accd#giblhe
second part of the workshop was practical trainivigere different kinds of visual impairments were

! Project consortium: B-NK GmbH (lead) and partriBs Wien-Verkehrssystemplanung, Universitat Wientitas fiir
Soziologie, Hilfsgemeinschaft der Blinden und Sémschen and ZIS+P Verkehrsplanung.
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simulated, such as blindfolds or special glassask Three includes time travel, in which the clatdreflect
on the film “Towards the year 2000 - a preview aimorrow’s World”, produced about 50 years ago. It
shows how the producers at this time thought thedmoould look like 30 years later. The film should
stimulate creativity of thinking about future sceoa. Past visions of future mobilities are refézgttand
analysed by asking what was predicted, discussgdleimented, and established back then for today.

2.1.2 Phase 2 — Reflection on mobility behaviour

In phase two, the reflection on mobility behavidiask 4) took place. The children acted as trariapon
system planners, and they worked with age-apprgpribility logbooks. We organised walks and spatia
explorations in the course of which we analysedr tehool environment together and conducted tranisp
planning methods such as surveying, counting, nmgppnd measuring. In task five, we developed three
logbooks depending on the participating schooltaedage of the children and juveniles.

Tasks within the mobility logbooks were: documegtinips on three consecutive days, elaboratinghen t
development of different modes of transport in i decades and conducting interviews with familia
grown-ups about their mobility behaviour. Furththiere was a task to design an imagined mode ofefutu
transport and to visualise their way to school drawing.

2.2 Autonomous driving and its impacts on people with abilities

Accessibility is an essential prerequisite for ¢éggiality of people with disabilities. The unredett, barrier-
free use of services, facilities and objects deitsem the radius of action and enables self-detethin
participation in society. To shape a sustainabttiaalusive development of automated mobility, disging
this complex and multi-layered topic with childrand young people today is essential. With a foqus o
inclusion, the aim is to understand how automasind digitisation enable or restrict the mobilitypeople
with disabilities.

To develop inclusive mobility solutions a Design #ll approach as an analytical lense. Followings th
basic idea for the planning and design of prodwsssyices and infrastructures, it should be posdin all
people to use products, services and infrastrustui¢ghout individual adaptation or special assiséan
Design for All describes a design process that daorechieve accessibility, usability and experiedey
for as many people as possible.

With a focus on inclusion and automated mobilitye tAM4Kids project deals with tomorrow’s traffic
planning and mobility research. Automated mobitias much potential to increase independent motafity
people with disabilities, if various offerings adds the needs and situations of people with digabil The
following issues have to be adressed:

e The preparatory activities for a trip (pre-triplich as obtaining information about the AM offer th
ordering, booking and payment process, the reservat assistance services, etc., are to be carried
out as far as possible on the person's own redplitysi

e All stages of the journey (on-trip) are barriereréor people with disabilities. This starts when
leaving the house door and concerns the accebs #M offer, the wait or stop, the change of inter-
and multimodal means of transport, equipment, médron on and around the route, stage or
vehicle, the stay in the AM means of transporty sfaalities and equipment in the vehicle and ends
when getting off near the destination as well &daparture to the destination address to the house
door.

* The appropriate provision of information during tleerney, as problems might occur during the
journey. This involves a reflection of the expecen(post-trip), any payment as well as any
complaints to the operating company or the prowigib services for the vehicle (e.g. charging the
battery, luggage collection, etc.).

A central question is to what extent AM or a coter&M offer is able to meet the specific requiretsenf
people with disabilities to enable their indeperidaobility? For one, this is a question of techiyidal
development, but also of the socially acceptabktscof automated mobility for the different grougpis
people with disabilities. It is important that tkegroups can actively participate in the developgnan
automated mobility to meet their needs sufficientlige current situation is still way behind thiguement.
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3 PERSONA CONCEPT IN THE AM4KIDS PROJECT

Personas are fictional characters that representtaiget audience of a product or service. Theyp hel
designers and developers understand the needs, gadlbehaviours of their (potential) users amdigde a
-human face" to the data and insights gatheredndurgésearch. Personas are a valuable tool in esgreci
design. (Cooper et al. 2007). However, the creatibpersonas can be influenced, e.g, by gender, bias
leading to inaccurate or stereotypical represemmatiof users. For example, a persona based on rgende
stereotypes may not accurately represent the raawtibehaviours of the imagined target group, leathra
product that is not inclusive or accessible to(Mlarsden et al. 2015).

To create effective personas, designers and dexalaopust be aware of their biases and strive tatere
inclusive and diverse representations of theirdbagidience. With reference to gender, they haesltivess
a range of gender identities and other factors agcdige, ethnicity, and socioeconomic status.drctimtext
of mobility, personas can be used to understandiverse needs of different users, such as peojile w
disabilities, older adults, commuters, touristg] Eamilies with children.

For example, a persona for a person with a dispbitiay include information about their mobility
limitations, such as the need for accessible t@msiion and priority seating. They may also hgvectic
needs for information, such as real-time updatesemmice disruptions or accessible route plannoadst A
persona for a commuter may include information aloeir daily routine, such as the need for rebadhd
efficient transportation options. They may alsoénpreferences for specific modes of transportasanh as
biking or public transit, and may prioritise castnvenience, and environmental impact.

Ten personas were developed in the R&D project “Adusive!” (Knoll et al. 2021). The goal of the
personas is to package the motivations, needstedesind usage goals of real users into a model tha
decision-makers, responsible parties, developtrs,@n use to empathise with people with disidsliand
develop user-centred decisions or technology dewedmts accordingly. With the support of projecttipar
Austrian Disability Council (OBR), feedback fromqpée with disabilities was incorporated into thesoma
descriptions. The personas were constructed chréfube typical and credible and contain as fewdgps
stereotypes as possible. In the context of theeptdheme, Automated Mobility, the following infoation

was used for the description of the personas:

* Name

* Sociodemographic information and background

« Mobility behaviour (regular routes, professionaltes, etc.)

« Requirements for the mobility system (informatigehicle, accessibility, etc.)

* Technology and automation in everyday life today

* Wishes, needs, barriers
In the following, we present an example of a bly@gson using a guide dog:
Example of a persona: Michael - Blind person witjuade dog

Michael, now 30 years old, lost his vision at agedie to retinopathy pigmentosa, an inherited aétin
degeneration. He relies on a guide dog for safetyassistance when navigating public spaces, pkatig

for using public transportation. While he has learBraille, Michael finds standard tactile printhviaised
letters more accessible for reading. His guide dogompanies him to work in an office, providing the
support he needs to be spontaneous and indepethgdemg his daily commutes. When taking the bus, the
dog helps Michael locate the entrances and exstshe bus stops at different points within the btop.
Michael requires a priority seat on the bus to awoodate himself and his guide dog, but the needfor
quiet space for the dog is often overlooked in pilag. He appreciates loudspeaker announcements,
although they can be challenging to understand hdét benefits from having an annual pass for public
transportation, eliminating the need to worry abfnding suitable tickets. However, he faces difies
with the validation machines, which can be trickyldcate and insert the ticket correctly, espegial the
bus wobbles during the journey.

Technology and automation in everyday life todayhAdme, Michael relies on a smartphone app to kearc
for mobility information. The app helps him findetfbbest time and connections for his commute usirtj@
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transportation. There are certain barriers thathislét encounters in public spaces and when usingcpub
transportation. When faced with new and unfamitiantes, Michael usually looks for a companion to
accompany him and his guide dog. While using higgagion app, Michael sometimes needs clarification
for directions like left or right, and announcengntay come too late. Accurate descriptions areiaruc
these situations. Having his guide dog by his sweld have helped Michael avoid obstacles caused by
incorrect announcements. In Vienna's 22nd dist@&testadt Aspern, there has been a self-driving bus
operated by Wiener Linien in test operation for edime now. Michael believes that automation wél/a a
similar impact on him as long as he travels with dniide dog. The dog assists him in boarding artthgx

the bus and helps him find a vacant seat that allspace for both himself and the guide dog without
blocking others’ way. Michael doesn't foresee $icgmt changes due to self-driving vehicles. Itisctal for
Michael that his guide dog is recognized as ars&s¥ie dog so that he cannot be denied entry {thlss
doctor's offices, or stores with the animal. Orgnificant concern for Michael is electric cars, has has
difficulty hearing them. He shares this concermhits colleagues who also have visual impairments.

This example demonstrates that, overall, individuaith disabilities have similar end goals and life
aspirations as those without disabilities. Howetlee, means and conditions to achieve these goads Ineu
adapted to accommodate different sensory and rabibities.

4 METHODOLOGY

The design of project phase three aims to sensitigdren and juveniles to the topic of mobility ine
context of current technical developments and Biolu Hohenecker et al. (2022) described that the
AMA4Kids workshops promote creative and networkddking among children. In phase three, the focus is
on examining automated mobility from different gmstives. For this purpose, the project consortium
developed Future Council workshops in an age-apjai@manner, depending on the participating school
classes. Using personas, children and juveniles kaout the importance of developing mobility offen a
future-oriented and socially sustainable mannee @bquired knowledge enables the pupils to expezien
mobility from different perspectives and allowsnhéo understand the implication of scientific cqpise It
shows that in the course of childrens” participatiorocesses, the age-appropriate and step-by-step
development of knowledge is indispensable for snsbde learning experiences.

The idea of Future Councils is based on the folhggoals:

e Toimpart knowledge about the automation of trangpion system elements: Lectures, the lecturers
explain the stages of automation and the term pamssystem. It is essential to convey the
interaction of people, means of transport and teso@ated infrastructure. The diversity and
heterogeneity of the users of a transport systeamaddressed, and the children and juveniles are
sensitised to the different needs and demands Intaractive exchange, the children and juveniles
elaborate on which tasks in a transport systemeans of transport have been automated throughout
time and reflect on the advantages and disadvanitafighese developments. Finally, driverless
autonomous vehicles are presented, and their ¢uanehfuture application areas are discussed.

« Changing perspectives with the persona concepérAfshort theoretical introduction to the persona
concept, the children and juveniles read the dethon of their assigned persona in small groups.
They learn about the persona’s transport needs ragdirements and identify barriers and
difficulties. They reflect on the mobility systerffadances to be entirely usable by the persona.

» Develop future scenarios and solutions for the qreas Pupils develop visions of the future and
scenarios for automated mobility and discuss wttexepportunities, risks and consequences lie for
themselves and other groups of people and the amaegnt. They work independently in small
groups to develop means of transportation and elen@ a transportation system that they believe
will improve the persona’s mobility situation.

« Reality Check of our Future Scenarios: Finally,i@lajue happens on eye level with researchers
about their elaborated ideas within the workshope Experts of the project consortium give
feedback and discuss the relevance of their prageeis using the categories of society, politics,
industry and users (results see chapter 5).
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4.1 Change of perspectives with the persona concept

The personas created within the project “AM Inkkasi (Knoll et al. 2021) and used in the currentjpct
“AM4Kids” promote a change in perspective withire tiworking groups. Personas help pupils understgndin
the needs of others, as well as provide insiglattine everyday challenges of persons with disaslin the
transport system. The goal is to encourage pupilsidvelop mobility solutions for personas from an
inclusive design perspective, followed by discugsitsions and ideas in a Future Council. Scientstd
planners accompany the children and juveniles is firocess, offer feedback and insight into the
interdisciplinary, multi-level exchange betweercgnes. In the following, the used personas artireed:

4.1.1 Michael — blind person with a guide dog

Michael is a blind person who uses a guide dogstdety and support in public spaces. Michael finds
reading the standard tactile script with raisetetsteasier than Braille. He works in an office aisdally
takes the bus, with his guide dog showing him thet entry and exit points. Michael uses an appien h
smartphone to find the best time and connectionhferpublic transportation routes. He often seeks a
companion to walk new and unfamiliar routes witimhand his guide dog. Michael emphasises the
importance of recognising his guide dog as an tasgie animal, allowing him to enter hospitals, ddst
offices, or shops. He finds electric cars dangeamibe cannot hear them, which is also challeniginis
visually impaired colleagues.

4.1.2 Amina— a person who is blind from birth

Amina is a 47-year-old blind woman who lives witbrtpartner and works in an office. She uses public
transportation to get to work and relies on anssast to help her with tasks. Amina faces challengken
using public transportation, such as needing teelpee which line or end station the vehicle is eatb.
She uses a long cane to navigate and prefersdatdrerself to linear structures. Amina uses appheay
smartphone to find the best connections when tiagehlone and asks for help when buying ticketse S
uses a Braille display and a screen reader to warkher computer at home. Amina wishes for more
automated communication and announcements in pwuahsportation and at stops to help her navigate.

4.1.3 Aleksandar — blind person with an affinity for teciogy

Aleksandar is a 28-year-old blind man who livesiicity with his wife and two children. He is intsted in
technology and has tried many different products.ditcovered a new technology at a fair - shoeb wit
sensors that warn him of obstacles through vibmatmn his smartphone. Despite the sensor, heeélls to
be attentive as it cannot detect downward stairsbstacles at chest or head height. Aleksandaryalwa
carries a long cane with him. He is now a repregiMat for the manufacturer of the sensor technolétyy
travels to work alone and uses a screen readeavigaie new routes. In his free time, he travelh wis
family using public transportation. Aleksandar veshfor better communication with vehicles and for
electric vehicles to make more noise. He has @ieslf-driving bus but found it challenging to leedhe
entrance and exit. He also uses a navigation apipisosmartphone and wishes for better communication
with traffic lights. He uses an acoustic signhah#trsections to know when the light turns greea.isthappy
that future traffic lights will be operated by psa®) a button instead of using a Euro-Key.

41.4 Maria— a person with visual impairment

Maria is a 67-year-old retired woman living alomethhe countryside with a visual impairment. Shedsee
help recognising contrasts, doing reading and iogabus stops difficult. While urban areas suppbg
visually impaired, the countryside needs such stftecture. Maria uses call-and-collect taxis toefaand
recently acquired a smartphone to help with naidgaand reading. However, she needs help with GPS
accuracy and the need for large font sizes. Impgpeind expanding support systems for people wghali
impairments is crucial to make their daily livesiea

4.1.5 Justin — a person who uses an electric wheelchair

Justin is a 19-year-old who lives with his pareimtshe countryside and has had problems feeling and
moving his legs and arms since birth. Over tims, bbility has decreased, and he now uses anielectr
wheelchair. While his home has been modified t@matnodate his wheelchair, Justin faces challengesiwh
using public transportation. Bus and train rampsloadifficult to access, and he often needs asgistfrom
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other passengers or transportation staff. Justshag for more accessibility in vehicles, includeasgier-to-
use ramps and better communication systems foaliiggm entry and exit. He also hopes for technatabi
advancements in electric wheelchairs to make theme dightweight and suitable for off-road use. Dtsp
these challenges, Justin remains optimistic an#sldorward to finding employment and continuing to
explore the world around him.

4.1.6 Jana — a person using a mechanical wheelchair

Jana is a 38-year-old woman who has been usinghaahaheelchair for 23 years since an accidentheft
unable to walk. She is skilled with her wheelctzaid uses public transportation, including the syhwam,
bus, and rapid transit systems. However, she faoé@ations in many buildings and needs help tossrthe
streets. Jana uses an app on her smartphone ttrdiffid information and the fastest connections tier
routes. She also buys her tickets through the dgoma has not been able to try the self-drivingymtsbut
she is interested in how the ramp works and wheremergency button and wheelchair space are thcate

4.1.7 Franz —a person with a phobia

Franz has claustrophobia and experiences anxietypanic in crowded and enclosed spaces. This fear
affects his mobility, and he prefers to drive has instead of public transportation. Franz's emglapes not
have a company parking lot, so he must pay foripgriHe avoids rush hour and schedules his womdyfre

to avoid crowds. Franz would like to use publicngjgortation more often, but he needs to catch up on
information about the occupancy of the vehicles. pgtlefers a driver who can intervene and support in
certain situations rather than relying solely arhtelogy.

4.1.8 Cecilia, a deaf person

Cecilia relies on lip-reading and sign languagecoonmunicate. She prefers to be accompanied by an
interpreter when dealing with authorities or dostoCecilia uses a video conferencing service to
communicate with her sister and has downloadedrakgeartphone apps to help her stay informed and
communicate better. Public transportation has iwgulo for people with disabilities, but important
information may still be announced over the loudgee before appearing on the display. Cecilia agd h
partner own a car but mainly use it to shop ortgéle nearest train station.

4.1.9 Ali, aperson with hearing impairment

Ali relies on hearing aids and induction loop systeto communicate. Ali avoids speaking to people or
asking for directions in public places due to hifiailty in hearing. He uses an app on his smastghto
find the fastest route for public transportationl & grateful for digital screens displaying infation about
public transportation disruptions. Ali also usesaa-sharing service to borrow a car and preferaatk
instead of using e-scooters, which he finds togdeus.

4.1.10 Sarah, a person with learning difficulties

Sarah lives in a supervised shared apartment arkswoa supervised workshop. Sarah finds it chglieg

to understand information and prefers to be accaiegaby a friend or caregiver when travelling onwne
routes. She records spoken words to remember thingsasks for help when buying tickets or navigatin
her smartphone. Sarah finds it overwhelming to ttesesportation apps and prefers to ask other pdople
directions. She wishes there was only one appubligptransportation with information in easy laage.

4.2 Future Council in secondary levels 1 and 2

The tasks of the Future Council differ between sdeoy level 1 (A) and 2 (B) in complexity and scopke

persona’'s characteristics are first collected jimadile in both workshop versions. Version A ask®at the
persona's challenges in public transport, whereasion B generally asks about mobility behaviourisT
builds on knowledge about mobility and transporiegated in the previous project phases.

In version A, the pupils collect ideas for a meahsansport or elements of a future transportesystwhich
could be helpful for the persona. From these, impletation possibilities are derived and recorded in
writing and graphically.

In version B, they think about how the persona wdakl when travelling in a public transport systeith
autonomous buses a) with an operator and b) withiowperator. The task here refers to the requinesrad
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the public transport system so that the personatreamel confidently in the given scenarios. Froris,th
solution strategies are derived and discussedeimapy, commented by the project consortium. Thisliem
and juveniles document their process step by stqpepared Flipcharts as shown in Figure 1.

Automated mabilify from different perspectives OUR AUTOMATED, PUBLIC TRANSPORTATION OF THE FUTURE FOR:
REQUIREMENTS OF THE MOBILITY SYSTEM

PERSONA PROFILE Q (Inf]ormariun, vehicle, accessibility, wishes, needs,
efc.;

phi fon and backg

FUTURE WORKSHOP

MEANS OF TRANSPORT OF THE FUTURE

My disability:

Mobility behaviour (everyday trips, wark-related trips,..) My challenges in public transport:

R . SOLUTION STRATEGIES
7 g\ - What does the persona need, depending on the

=+ § . situation, 1o be able o travel with confidence? What T wish for:
=1 Which solutions are helpful for the persona?

POTENTIAL BARRIERS & CHALLENGES |

quirements taken info account? Where might barriers and difficulties
arise in the process of being on the way?

SITUATION A

What if there is an autonomous bus with an operator that gaes Yo our
schaol and stops af a bus stop right in front of the school?

IDEA COLLECTION TRANSPORT OF THE FUTURE

How i the persona doing in the two situations? Are their needs and re- H
W - Now you are the developers of the futurel

SITUATION B -
What if there is an autonomous bus without an operator that goes to e
our schoal and stops at a bus stop right in front of the school? s

3

Troject AMMKIDS, T s B oo Project AMAKIDS) [ ————————

Fig. 1: Flipcharts with the Future Council's assignirfor elaborating the content in small groups:site A secondary level 1
(left), Version B secondary level 2 (right)

4.3 Future Council in primary school

The Future Council workshops have also been adadptélie needs and capabilities of children in prima
school. Pupils had the opportunity to develop thdéras for means of transport for the future ineayv
creative and open setting. After the expert’s inm#tans of transport, the related developmentsertourse
of history, automated and autonomous mobility ak aginclusion — adapted to the age group andgresb
for easy understanding — the children were enaloléake researcher roles. Their work output wasvihgs
and collages for fantasy-based ideas for futureilibplnodes. As the persona concept is too compbex
this age group, it was not used explicitly in thisntext. As an alternative, the expert team prapéne
following questions to give some instructions aondréflect the ideas and inventions together with th
students:

* For WHOM did you develop the means of transpotheffuture?

«  WHAT should your means of transport be able to Wivat should be better than the means of
transport you already know?

¢ HOW are your means of transport controlled? Isiibenated?

«  WHO can use your means of transport? Is it suitbdldlind people? Is it suitable for people who
cannot see/hear/walk well? Are there any helpiotst

In this way, the persona concept — in terms ofipgitoneself in the position of someone else andtere
solutions that help the needs of a particular gseup — was integrated into the workshop formeageiositise
the pupils accordingly.

5 RESULTS

The children of secondary level 1 presented thé#as mainly graphically with short notes for the
explanation on their flipcharts. Figure 2 shows pleesona “Michael” as an example of the resultred of
the working groups. Michael has a visual impairmand his assistance dog accompanies him. Therehild
recognise some challenges, such as the need afisnffspace for Michael and his dog in public sort.
Therefore, one focus of their reflections is thablg transportation should also include space rueske
exclusively for assistance dogs. In addition, teaggest that securities help with the ticket maehiand
that these are also provided with tactile Brailteis important to them that a contact person isagb
available for the passengers. In addition, inforamibout the current location and the route shddd
available for people with visual impairments in pakransport, e.g. in the form of maps with Brall

ki
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Fig. 2: Example of a flipchart about the personahdel - created by secondary level 1 students

The task for the students of secondary level thiget to a given process, which refers to the stemd the
autonomous bus in the surrounding area of the $cdm@ mobility offer. The students initially idégt
barriers and challenges, derive requirements ferntiobility system, and develop solution strategies.
example, they used the perspective of the perséiig ‘(impaired hearing). The group suggests that
warnings at bus stops (especially platforms) avergivia light signals on the ground. Using vibratio alert
people to events or last-minute changes in pubdiasportation is also part of the solution stratéigyese
additional information channels would be benefid@ all passengers, not only for people with hagri
impairments. In the workshop, the secondary lev&tiuBlents focus on actual technical implementatss
discuss them intensively in groups. They proposeua apps for the different personas, tailoredhtsr
needs. The persona “Franz” avoids public transpiortabecause he is claustrophobic and feels
uncomfortable when too many people are in the Vehithe students follow the solution strategy taipq
public transport with weight sensors and light lemsr to estimate occupancy in real-time. The result
information will be stored in the routing apps betpublic transport. The persona “Franz” would thas
able to plan his routes better even in new roubesitawhich he has no experience. Figure 3 belowshan
example of the flipcharts about the persona “Jama’a section about the persona “Ali".

Automatisierte Mebilitét ous verschiedenen Perspektiven . ANFORDERUNGEN AN DAS MOBILITATSSYSTEM
pEEmAE RS f \
Information, Fabrzens, Erreschbac keit, Winsche, Bedirfnisse et _ B
< STECKPRIEF DER PERSONA Q Bbindertenor<ess, Sty 477 Ressere Dﬁ,ﬂ" Vecbindungen
- Netroftaste imBus, Ansprehperson, ﬁ‘_. =
Satcdemcgro{:\sgm Angaben und Hintergrund. weniops  Bostiesen, O,['l};b modunisicrm

38 e , nfall vor 23 lJahteh, mecha nizcher
Rotstehl, ollenerviehencle Muthr | (heelie WL
Mowmsverhuuan (Alitsgswese, bem(»‘l\che Wege,..):

U-Bohn, Steafenbahn, “Bus, Schneltbabn,
Mt RULAL forbheegen

\ /_ LOSUNGSSTRATEGIEN:

3 -
o — Wat braucht die Persona je nach Sirotiont W P . 551' EG'E”
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e et cs s P den beidlen S T o ) . ‘
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B Es wacde sie intetessieren | Sic gl achtmehe in die Schle | ffis for Teein 3
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Fig. 3: Example of flipcharts about the personasal (left) and "Ali" (right) - created by secongéevel 2 students

Personas helped pupils to consider the practiaablems of traffic participants with disabilities daro
develop practical solutions. In the case of Michéml example, they found the following elementsbt
included in a more inclusive traffic system:

+ Louder and clearer announcements
* Recognition of the dog
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* Improvement of the navigation app

* Tactile standard font.

The solutions developed by pupils in the workshopstallised around two basic ideas. The first idea
addressed realistic ways of adapting environmesaaditions to the situation of persons with disébs.
Technical devices replaced or worked around the@grimpairments and broadened accessibility tificra
situations. On the other hand, pupils in techngcdlools integrated realistic design ideas withtdohnical
devices they knew from their education. Blind passneed non-visual communication channels; wheelcha
users need broader entrance and exit areas tosagebiles, etc. The second strategy used by younge
pupils was developing less realistic (sciencedittivehicles and infrastructures like flying whéwelits or
highways for wheelchairs. These solutions proje&temivn solutions of traffic participation for nomsdbled
people on people with disabilities and created ecifip traffic system around their situation. Fram
pedagogical point of view, both strategies are nmgginl and relevant and help pupils see the conipésx

of design problems regarding traffic participation.

6 DISCUSSION

The aim of an inclusive mobility system is to emahll people to move around on an equal footingtand
participate fully in society. To this end, it isaessary to ensure a seamless, inclusive mobiliéynctiom
door to door.

« A mobility chain is schematically composed of thééddwing elements:
* Pre-mobility: information + information + planninrgimplementation/ticket purchase.
* First mile: from the starting point to the 1st stator parking lot.

e First station: arrival to boarding + interactions the spot/ such as ticket purchase, replacement
transport, etc.

e In transit

* Intermediate/final station: exit mode of transgbtb board mode of transport 2 or leave station
» Last mile: Final station to the actual destination

« Follow-up: Report problems encountered, reclaimeghe route for later trips, etc.

In between, waiting times and waiting places oc&wery mobility chain must meet the requirement of
complemteness and inclusion. In reality, howevelarge number of different and incomplete mobility
chains occur. Therefore, the involvement of peaeytd disabilities in planning mobility chains issential.
These considerations have to be taken into acéouiné context of the development of an inclusifferdfor
Automated Mobility and one should:

e Subject existing traffic information services toiaolusion usability check.

e Consistent implementation of the multi-sense ppleciReliable information transfer (pre-/post-trip)
for passengers through analogue and digital funatidiversity so that a transparent exchange of
information between (automated) vehicle and paseran be enabled.

« In developing applications for traffic informatiopay attention to the needs of various people with
disabilities.

« Barrier-free design of the road infrastructure,deample, utilising the comprehensive installatdén
tactile guidance systems, so that safe orientati@md from the (automated) vehicle is possible.

« Optimise physical design of (automated) vehiclbss tefers to the need to design a vehicle that
enables people with disabilities to get in andindéependently

e Conduct regular usability tests and field check#hwilifferent groups of people with disabilities in
public spaces and along the entire mobility chain

7 CONCLUSION

To conclude: Beyond its use in a design context, personas concept is also a valuable device in
pedagogical settings. Instead of reflecting on diteation of people with disabilities on an abstriawel,
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pupils learn to understand the situations of cdecteffic participants with their abilities andstactions,
their aims and demands. These aims and demandsadifferent from non-disabled traffic participant
Instead, the means and conditions must be adaptaedeet their situations. To be sure, the solutions
developed by the pupils, depend on their developaheand educational levels. Solutions developed by
pupils from technical schools are much more realestd geared towards working around sensory oilypod
restrictions. Younger pupils tend to develop imagjrvehicles and infrastructures and create traffatems

for people with disabilities. While the first stegly adds communication channels and situational
modifications to increase accessibility, the secsindtegy emphasises visions of mobility systeramfthe
standpoint of other types of traffic participanesg( a highway seen from the perspective of whegich
users). Both strategies bring design problems ¢oftine which can be further discussed and developed
Personas promote the attention of future mobilignpers (more precisely: of pupils in the role afhitity
planners of future traffic systems) to the diversif user groups and the awareness of accessibility
Nevertheless, inclusive personas must not be misasea substitute for the involvement of peoplehwit
disabilities. The creed of participatory traffiaphing says: “Nothing about us without us” andhis tvein,
traffic planning has to be done by people with arnthout disabilities together. Personas are an lkxte
educational tool to develop an inclusive mindseitawients imagination to specific problems thaen
more ways to develop viable and sustainable saistio
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1 ABSTRACT

Stadtische Baumkataster werden aus vielfaltigem@eii erstellt und gepflegt: Die Standorte und Aden
Baume auf offentlichem Grund spielen bei der Pidgeung - vor allem mit Blick auf die zu erwartende
Effekte durch den Klimawandel - eine zunehmenddeRdhsbesondere der Zustand ist relevant fur die
Kommune, um ihrer Verkehrssicherungspflicht naclomunen. Des Weiteren sind Baume in der
Bauplanung wesentlich und nicht zuletzt auch imuRsathutz von hoher Relevanz.

Die Digitalisierung stadtischer Baumkataster hatden letzten Jahrzehnten weitere Vorteile mit sich
gebracht: Der Prozess der Datenerfassung und ditarl kann einfacher und effizienter gestaltetdear
Durch die leichtere Zuganglichkeit ist eine besseltenung, deren Koordination und eine Weitergabe
relevanter Daten schneller realisierbar. Dies tagth zu einer transparenteren Kommunikation ber. D
Export von Daten ermdglicht zudem Analysen und matisierte Anwendungen.

Allerdings stellt es die Kommunen vor eine grol3gadsforderung, das Baumkataster aktuell, vollsgindi
und fehlerfrei zu halten, da es sich um eine sedfigDatenbasis handelt, die sich regelmaRig &ndert

Verschiedene (meist proprietdre) Anwendungen utiizen die Mitarbeitenden von Kommunen durch
intuitiv nutzbare Eingabemasken, um das stadti8zhenkataster zu bearbeiten. Es bleibt jedoch indieer
Herausforderung, dass die verschiedenen Merkmakeleier Baume oder Baumgruppen handisch angelegt
oder bearbeitet werden missen. Dies ist umso adigginje mehr Merkmale ein Baumkataster enthalt und
birgt die Gefahr, dass durch mitunter mangelhaitdliche Kenntnisse fehlerhafte Eintrage vorgenomme
werden. Es gibt zwar technische Hilfsmittel wie amungs-Apps, die bei nicht-trivialen Merkmalenewi
bspw. Hohe herangezogen werden kdnnen, aber m&nghaschaften, wie z.B. das Alter, kdnnen oft nur
geschatzt werden.

Alle diese Griinde fuihren dazu, dass die Datengtattidtischer Baumkataster oft unbefriedigendirist

die Daten nicht ohne Bedenken genutzt werden kanimerRahmen des Klimawandels werden tberdies
Merkmale relevant, die bisher nicht erfasst wurdBeispielsweise kdnnen erganzende Angaben zum
Standort (bspw. Baumscheibe oder Park) dazu dierenen potenziellen Trockenstress besser
vorauszusagen. Eine Klassifizierung des Allergemqmils kann dartber hinaus Menschen mit Allergien
eine adaquate raumrelevante Information zu ,AllarBelastungsgebieten” zur Verfliigung stellen.

Um den groRen personellen und zeitlichen AufwasgrdRflege des stadtischen Baumkatasters in Zukunft
minimieren und weitere fir die Planung und Wisshaficrelevante Merkmale grof3flachig integrieren zu
kénnen, wird in Kaiserslautern ein transdiszplindfasatz erprobt, der auf Grundlage verschiedener
Datenbasen und mit Einbezug unterschiedlichsteedkgruppen arbeitet.

Ausgangslage sind das vorhandene Baumkatastertaét, 8as lickenhaft ist und nur wenige Merkmale
enthalt, allerdings wegen der prazisen GPS-Stamdairie gute Datenbasis bildet. In Kombination mit
Luftbildern kann ein Deep-Learning-Modell trainigrérden, das die fehlenden Baume erkennt. Ein resite
Kl-Modell, das mit Panoramabildern und LiDAR-Datans Strallenbefahrungen arbeitet, soll zudem eine
Artenbestimmung ermdglichen. Die Ergebnisse wekasnFachkundigen stichprobenartig evaluiert, sodass
eine Feedback-Schleife entsteht, mit der die Medalkzessive verbessert werden.

Gleichzeitig wird eine Web-Anwendung entwickelte ddine nutzerfreundliche Oberflache bereitstellf, a
der Forschende und interessierte Blrgerinnen umddaii weitere Merkmale erganzen kénnen - auf diesen
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Daten kdnnen weitere Modelle trainiert werden. Aedklerkmale, wie etwa Hohe des Baumes, kdnnen
automatisiert aus den vorhandenen Datensatzenhextraverden. Im Rahmen des Prozesses sollen
unterschiedliche Datenbasen unter Bericksichtigisrgrechtlichen Rahmenbedingungen, der Kosten und
der Verfugbarkeit als Trainingsdaten dienen un@ énssage Uber die Qualitat der jeweiligen Ergedanis
getroffen werden. Des Weiteren ist es ein erkléfiek die KI-Modelle tbertragbar zu gestalten, dass sie

in Regionen mit ahnlichem Baumbestand direkt angelewerden kdnnen. Eine weitere Anwendung kann
die Aktualisierung des Baumkatasters und das Mongoder Datenqualitdt desselben sein, sobald neue
Daten zur Verfligung stehen.

Keywords: artificial intelligence, machine learnjrginstliche Intelligenz, Datenqualitat, Baumkagast

2 EINLEITUNG

Baume sind fur die Aufenthaltsqualitat im 6ffertién sowie privaten Raum sehr wichtig. Sie beeisflus
das lokale Klima und die Luftqualitat, werten Sea3Platze und Parks optisch auf und bieten zudeeme
Lebensraum fir Tiere.

Im Zuge der Verkehrssicherungspflicht, aber auctdinblick auf die Baumkontrollen, die Bauplanungdun
den Naturschutz, ist es fir Kommunen von hoher \Rele, die Lage und den Zustand der stadtischen
Baume auf 6ffentlichem Grund zu kennen und zu seflasHierbei spielen Baumkataster eine grof3e Rolle.
Dort werden Informationen zu den Baumen gesamnmaltgespeichert. Dazu gehdren neben der Position
des jeweiligen Baumes die Art und/oder die Gattulig,Hohe, der Kronendurchmesser, der Stammumfang
sowie, falls bekannt, das Pflanzjahr und das Alas Baumkataster stellt somit ein Hilfsmittel fdie
Baum- und Grunflachenpflege dar. Jedoch ist debauwf die Erganzung weiterer Merkmale und die Pflege
eines solchen Katasters eine aufwéndige Aufgaleeyvidle Ressourcen beansprucht. Die Digitalisierung
stadtischer Baumkataster hat in den letzten Jahteehvielerlei Veranderungen mit sich gebracht: Der
Prozess der Datenerfassung und -bearbeitung kanfackér und effizienter gestaltet werden. Durch die
leichtere Zuganglichkeit ist eine bessere Plandagen Koordination und eine Weitergabe relevantaed
schneller realisierbar. Dies tragt auch zu ein@ndparenteren Kommunikation bei. Der Export voneDat
ermdglicht zudem Analysen und automatisierte Anweigen.

Jedoch haben nicht alle Kommunen digitale Baumkattdeziehungsweise sind diese oft unvollstanday od
nicht aktuell. Weiterhin sind in den kommunalen Békatastern haufig nur die Baume erfasst, die im
offentlichen oder halboffentlichen Raum stehen imdie Sorgfaltspflicht der Kommune fallen. Allendis

sind auch private Baume fir Aussagen Uber die kgfne relevant und sollten fir Anwendungsfalle in
diesem Bereich aufgefuihrt sein [vgl. Albert et 2022]. Im Rahmen des Klimawandels werden Uberdies
Merkmale von Bedeutung, die bisher nicht dokumentieurden. Unter anderem kodnnen ergénzende
Angaben zum Standort (z.B. Baumscheibe oder Pa&) dienen, einen potenziellen Trockenstress besser
vorauszusagen. Eine Klassifizierung des Allergemmzitils kann dariber hinaus Personen mit Allergiea
adaquate raumrelevante Information zu ,AllergenaBingsgebieten” zur Verfligung stellen.

Anhand dieser Problemfelder entstand die Idee Ddienqualitat stéadtischer Baumkataster zu verbesser
Um den grofl3en personellen und zeitlichen AufwandRilege des stadtischen Baumkatasters in Zukunft z
minimieren und weitere, fur die Planung und Wissbaft relevante Merkmale, grof3flachig integrieren z
kénnen, wird in Kaiserslautern ein transdiszplindfasatz erprobt, der auf Grundlage verschiedener
Datenbasen und mit Einbezug unterschiedlicher Aktguppen arbeitet. So soll es ermdglicht werdessd
die vorhandenen, aber unvollstdndigen Daten ergéndt weitere Merkmale wie Baumart, Héhe und
Kronendurchmesser sukzessive hinzugefiigt werden.

Im Rahmen des Prozesses sollen unterschiedlichenBagen unter Bericksichtigung der rechtlichen
Rahmenbedingungen, der Kosten und der VerfligbaakgiTrainingsdaten dienen und eine Aussage uber
die Qualitat der jeweiligen Ergebnisse getrofferrdea. Des Weiteren ist es ein erklartes Ziel, dle K
Modelle Ubertragbar zu gestalten, sodass sie inoReg mit dhnlichem Baumbestand direkt angewendet
werden konnen. Interessierten Burgerinnen und Birgsoll es durch die Entwicklung einer
nutzerfreundlichen Web-Anwendung ermoglicht werdh an der Evaluation der Ergebnisse zu beteiligen
und ergénzende Merkmale zu erfassen. Sobald netem Rar Verfligung stehen, kann ein weiterer Einsatz
darin bestehen, das Baumkatasters regelmafig aalisi¢ren und die Qualitat der Daten zu Uberwachen

E purecy REAL CORP 2023: LET IT GROW, LET US PLAN, LET IT GROW
'd‘?\x@ Nature-based Solutions for Sustainable Resilient Smart Green and Blue Cities

Rkl 2.



Julia Mayer, Lena Hoff, Johannes Ruf, Martin Memnglscha Henninger

Die Vorteile eines solchen Vorgehens sind viefalDurch Nutzung von Luftbildern kénnen auch prévat
Baume erfasst werden, die fiir die Offentlichkedtmiohne Weiteres zu sehen und haufig nicht kadiad.
Dies ist u.a. fur die potenzielle Bewertung von éenen mit hohen Allergiepotenzialen durch (Baum-
)Pollen sowie das Ozonbildungspotenzial durch bieg€ohlenwasserstoffemissionen von Interesse [Alber
et al. 2022].

Es gibt einige Initiativen in deutschen Stadten Webionen, die sich bereits fur eine Verbesserwsy d
Baumkatasters einsetzen. Unter anderem in der Ppl#oRuhr werden Baumstandorte auf Grundlage
ahnlicher Daten und unter Anwendung von Kl detek{igletz et al. 2023]. Da die Modelle Open-Source
zur Verfugung gestellt werden sollen, kénnten diasgen hier verfolgten Ansatz integriert werdes. ¢ibt
des Weiteren bereits Deep-Learning-Modelle, die rBéwetektieren, bspw. Ventura et al. [2022] und
Weinstein et al. [2019], auf die im nachsten Absitm&her eingegangen wird.

Ein erfolgreicher Anwendungsfall eines gut gepfegBaumkatasters, kann der Einbezug der Bevdlkerung
bei der Bewdésserung sein. Unter anderem in Befigthinologiestiftung Berlin] und Leipzig [OKF 2023]
werden Plattformen genutzt, um das Giel3en von I&adien zu koordinieren und nachzuvollziehen. In
Magdeburg [Winter 2023] finden sich dartber hinaash Informationen zu geféllten Baumen.

Im Folgenden werden zunéchst der Projektkontextdiadeteiligten Akteurinnen und Akteure vorgestell
Die Vorgehensweise wird im Allgemeinen erklart udegk vorhandenen Datengrundlagen erklart und
evaluiert. Es wird Bezug auf bereits existierendeMgdelle zur Positionsbestimmung und Eignung in
diesem Anwendungsfall genommen. Zusatzliche mogliclerkmale werden priorisiert und Mdglichkeiten
bzw. Grenzen ihrer Bestimmung aufgezeigt. Zuletarden die MalRnahmen zur Einbeziehung der
Zivilbevolkerung dargelegt.

3 ANSATZ UND PROJEKTKONTEXT

Um das Vorhaben erfolgreich umzusetzen, bedarfres @usammenarbeit verschiedener Akteursgruppen,
die ihre jeweilige Expertise zur Verfigung stell&s: ist ein breites Fachwissen zu den Themengeabiete
Umwelt und Klima, Stadtplanung, DatenverarbeituMyeb-Design und Kl gefragt, das durch die

Forschenden abgedeckt wird. Mitarbeitende der ditden Verwaltung kennen die vorhandenen Daten,
stellen diese bereit und liefern Use-Cases aus Rexis. Des Weiteren bestehen dort bereits
Kommunikationskanale, um mit der Zivilbevolkerung Kontakt zu treten und diese fur Crowdsourcing-

Aktionen zu gewinnen. Hierbei sollen an Aktionstagateressierte Bulrgerinnen und Birger mit

Unterstitzung der Forschenden Merkmale von Baumégliahst grof3flachig digital erfassen bzw. die

Ergebnisse aus den KI-Modellen validieren.

Das Forschungsvorhaben ist aus dem durch die @@t5tiftung geforderten Verbundprojekt ,Ageing
Smart — Raume intelligent gestalten* entstandenFbokus des Gesamtprojektes stehen die Babyboomer,
also die geburtenstarken Jahrgange von 1955 big, téch deren Eintritt in das Rentenalter Kommunen
vor Herausforderungen gestellt werden. So sindedaftmals damit konfrontiert, neben altersgerechten
Wohnstandorten auch passende Versorgungs- uncefséiakturen zu schaffen. Das Gesamtprojekt Itdt si
als Ziel gesetzt, ein datengestitztes Entscheidumgstitzungssystem (Decision Support System) zu
entwickeln, das Mitarbeitenden der offentlichen Waltungen in ebendiesen Planungsprozessen ungrstiit
Insgesamt zehn Teilprojekte aus den FachbereichemRund Umweltplanung, Informatik und Mathematik
der RPTU am Standort Kaiserslautern bearbeitemdistaplinér diese Fragestellung. Ebenso involvistt
das Fraunhofer-Institut fur Experimentelles SofevaEngineering (IESE) sowie das Deutsche
Forschungszentrum fur Kdnstliche Intelligenz (DF&inbH (siehe dazu Abb.1).

Das Teilprojekt der Physischen Geographie untetsbelstehende, lokale, 6ffentliche Grinflachen im
Hinblick auf die Frage, ob diese relevanten Rlckréigme von allen Personengruppen gleichermafien
nutzbar sind. Ein besonderer Blick liegt hierbef den meteorologischen Rahmenbedingungen sowie
lokalklimatischen und lufthygienischen Fragestefiem. Im Rahmen der Weiterentwicklung des
Baumkatasters liefert das Teilgebiet mogliche Uase&S und bietet die fachliche Expertise. Im weitere
Verlauf des Teilprojektes soll das methodische ¥bem, das bereits im Jahr 2022 von Albert et al.
vorgestellt wurde, auf Siedlungsréaume ubertragerdeve Hierbei ist ein (nahezu) vollstandiges dlgiga
Baumkataster erforderlich.
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Das Team des SmartCity Living Lab des DFKI befaish im Rahmen des Forschungsprojekts, dessen
Erkenntnisse und Umsetzungen auf vielfaltigen Dgaietien fuldt, mit der Data Governance und dem Daten
Management, um eine ausreichende Datenqualitaewélyleisten. Diese ist ausschlaggebend fir die Git
automatisierter Anwendungen und Methoden der Kighgth Intelligenz. KI kann umgekehrt aber auch wie
in diesem Fall genutzt werden, um eine gewlnschterigrundlage zu schaffen oder zu verbessern.

Die Stadt Kaiserslautern wurde als eine von siédedellkommunen im Projekt ausgewahlt und arbeitet
zudem im Rahmen der MPSC-Férderung (Modellprojekteart Cities) des BMWSB schon seit einigen
Jahren eng mit Forschenden des DFKI und der RPEdmamen. Sie stellt Daten zur Verflgung und nutzt
ihre Kommunikationskanale mit der Zivilbevolkerungn diese aktiv miteinzubeziehen.

Verwaltung

+ Bereitstellung der
varhandenen Daten

» Kommunikation in die
Zivilgesellschaft

+ Expertise aus der Praxis

» Use-Cases aus der Praxis

fachlicher und methodischer Austausch

Korrektur und Erganzung
von Merkmalen tiber die
Web-Anwendung mit

Hilfe von weiteren Tools
und n. ichen
Einfuhrung,

Abb. 1: Kooperationsnetzwerk zum Verbessern, Ergdanmnd Nutzen des stadtischen Baumkatasters

4 VORGEHENSWEISE

Zunéachst werden die verfligbaren Daten auf ihre i@ualnd Nutzbarkeit in diesem Anwendungsfall hin

untersucht. Sie dienen als Grundlage, um das d&tBdumkataster mit den Merkmalen Position und
Spezies unter Anwendung von vorhandenen und ggepassten Deep-Learning-Modellen, um fehlende
Positionen von Baumen zu erganzen. In einem weit8ahritt wird ein weiteres Modell angewendet oder
gof. selbst trainiert, das die Gattung der neu kiietgen Baume erganzen soll. Um die Qualitat der
Ergebnisse einordnen zu kdnnen, ist hier eine KWdatvon fachkundigen Personen nétig. So kénnen die
Modelle sukzessive verbessert werden.

Digitales Baumkataster
Merkmale 1..n

Abgleich der
Ergebnisse durch
Forschende und
Blrger:innen

Digitales Baumkataster

Merkmale 1..n+1
Weitere Daten (z.B.

Panoramabilder, LIDAR-
Daten)

Feedback und Verbesserung des Modells ggf.
mehrfach wiederholen

Abb. 2: Generalisierte Vorgehensweise zur Erganzl@sgDigitalen Baumkatasters unter Einbezug der Beudhg

Des Weiteren soll das Baumkataster um weitere Malémwie bspw. Hohe, Stammdurchmesser oder
Standort erganzt werden. Hierzu werden drei Ans&eolgt: Zum Ersten kdnnen vorhandene Deep-
Learning-Modelle auf verfigbare Daten angewendetere und wiederum durch eine Feedback-Schleife
optimiert werden (vgl. Abb.2). Zum Zweiten kdnnartanatisierte Anwendungen (auch ohne Nutzung von
Kl) bestimmte Merkmale grof3flachig ergdnzen. ZunittBin gibt es die Option, ein eigenes Modell zu
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trainieren. Hierfir werden ausreichend Trainingsdabendétigt, die in einem Crowdsourcing-Ansatz
gesammelt werden sollen. Interessierte Birgerinmew Birger erfassen mit Unterstitzung von
Fachkundigen und unter Benutzung einer anwendexditeminen und intuitiven Software neue Merkmale von
einigen Baumen. So soll der Datensatz im Ganzedianeweiligen Attribute erganzt werden.

4.1 Einordnung der Datengrundlagen

Es gibt einige Datenquellen, die Informationen am gtadtischen Baumen in Kaiserslautern bereitihalte
Diese mlssen zunachst auf ihre Qualitat geprufdererDabei werden die verschiedenen Kriterien fhna
Anwendungsfall unterschiedlich gewichtet und beetertin diesem Fall spielen insbesondere die
Fehlerfreineit, die Zugénglichkeit und die Verfudkeit der Daten eine Ubergerodnete Rolle.
Unvollstdndige, aber verlassliche Daten kdnnen génwerden, um den Datensatz mithilfe von
automatisierten Anwendungen zu vervollstandigen.

Um Datenquellen als Trainingsdaten fur Kl-Methodertizen zu kénnen, sollten diese moglichst fehlerfre
sein, da das Modell sonst eventuell diese Fehlmoderiziert. Des Weiteren ist es sinnvoll, Dateresatz
nutzen, die den Kommunen ohnehin vorliegen odee @noRen Aufwand zu beschaffen oder erzeugen sind,
um ein Modell perspektivisch auch auf andere Komemuanwenden zu kénnen.

Die Aktualitat der Daten ist in diesem Use-Casedziist untergeordnet, da im Verhéaltnis zur Gesaratdnz
der Baume nur ein kleiner Anteil gefallt bzw. neepfianzt wird. Andere Merkmale, wie die Hohe, amder
sich kontinuierlich. Hier muss generell mit Ungeigkeiten gerechnet werden und diese mit angemessene
Methoden quantifiziert werden. Dies ist insbhesoadarUse-Cases, die ebenjene Merkmale verwenden, zu
bericksichtigen.

4.1.1 Das Baumkataster der Stadt Kaiserslautern

Das Baumkataster der Stadt Kaiserslautern entbBlt grazise GPS-Koordinaten von ca. 16.600 Baumen
und der jeweiligen Bezeichnung der Gattung bzw. Bime stichprobenartige Uberpriifung der Daten ldurc
Ortsbegehungen hat jedoch ergeben, dass viele Bé@maoch nicht erfasst sind (s. Abb. 3). Es islem
entweder die Gattung oder die Art angegeben, websiere aus letzterer hergeleitet werden konnte,
umgekehrt aber nicht. Fur die meisten Anwendunigsfédt die Gattung als Information allerdings
ausreichend.
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Abb. 3: Karte mit vorhandenen und fehlenden BaumeStadtpark von Kaiserslautern (rot=durch Grunféiamt erfasst, gelb &
blau = eigene Erfassung) [Henninger 2014]
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4.1.2 OpenStreetMap

In der OpenStreetMap-Community gibt es das Bestrehech Badume und Baumflachen mit diversen
Merkmalen zu kartieren. Allerdings sind zumindester Stadt Kaiserslautern bisher wenige Eintragang
(nur rund 1000) vorhanden. Dazu kommt, dass mit &emartphone erfasste GPS-Standorte flr bestimmte
Anwendungsfélle zu ungenau sein konnen. Es istbeéarfiinaus unklar, wie gut die Daten sind, die daish
erfasst wurden. In OpenStreetMap (OSM) sind eidigabute vorgesehen, an denen man sich orientieren
kann, um perspektivisch die neu generierten Datewlié Plattform zu integrieren. Erwahnenswert ist
darlber hinaus jedoch, dass Merkmale enthalten diackin anderes implizieren. Beispielsweise kianam
durch Angabe der Gattung herleiten, ob es sichinend_aub- oder Nadelbaum handelt. Umgekehrt ist da
nicht moglich. Allerdings ist dieses Merkmal leichdn Personen zu erfassen, die weder Wissen uber
Baumarten noch technische Hilfsmittel zu deren iBesting haben. Es gibt auch eine Unterscheidung der
Attribute height (H6he) und est_height (geschétttde), die verhindern kann, dass falsch oder zb gro
geschatzte Angaben als korrekt interpretiert wef@sM Contributors 2023].

4.1.3 Luftbilder

Der Stadtverwaltung Kaiserslautern liegen Lufthildeis Befliegungen zu unterschiedlichen Jahreseeite
und mit verschiedenen Auflésungen vor. Hier wircha@chst mit den Bildern der Frihjahrsbefliegung aus
dem Jahr 2018 gearbeitet. Diese sind in einer Aufig von 40cm frei Uber das Geoportal RLP [GDI-RP]
verfugbar. Hoéher aufgeloste Luftbilder mit einer d@oauflosung von 8cm sind aus Grinden des
Datenschutzes nicht frei verfigbar, werden aber den Stadtverwaltung zu Forschungszwecken zur
Verfugung gestellt. Es soll Uberprift werden, obeebessere Auflosung zwangslaufig auch eine bessere
Kategorisierung nach sich zieht. Falls die Vorteileer hoheren Auflésung nicht signifikant sindnkanan

die datenschutzrechtlich unbedenklichen und frefiigbaren Daten nutzen. Dies macht eine Ubertragung
der Ergebnisse auf andere Kommunen und die Anwenden Modelle auf neuere Luftbilder wesentlich
unkomplizierter.

Des Weiteren wird auch ein Abgleich zu Befliegungars anderen Jahreszeiten und daher mit anderer
Belaubung stattfinden. Es ist zu erwarten, dassgeh Use-Case unterschiedliche Jahreszeiten zu
bevorzugen sind. Soll der Standort (BaumscheibapBaihe oder Grunflache) bestimmt werden, liefeen d
Luftbilder aus Jahreszeiten ohne Belaubung mutriaBiessere Ergebnisse.

4.1.4 Daten aus StralRenbefahrungen

Im Herbst 2021 hat die Stadt Kaiserslautern Befadpen im gesamten Stadtgebiet ausfiihren lassedgbei

Panoramabilder und LiDaR-Daten erfasst wurden. tuiéeen Nutzung kénnen prazise Messungen (Hohe,

Kronendurchmesser und Stammdurchmesser) am PCggdiatint werden.
} ‘ ‘dm.t-.nf.nuww;ewl 'r. g - , F. @ ¥ f 'y ;!

2k

Abb. 4: Screenshots aus Cyclomedia (links) und Of&¢h{s) auf denselben Bereich des Stadtparks vasek&autern in Abb. 3

Ein direkter Vergleich der Baume, die in OSM datghis werden, mit dem Bildausschnitt der
StralRenbefahrung auf den entsprechenden Teil deltp&tks, zeigt sofort, dass in OSM bisher nur ein
Bruchteil der Baume verzeichnet ist (vgl. Abb. 4).
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4.2 Auswahl, Anwendung und Anpassung von Kl-Methoden zu Bestimmung von Position und
Spezies

Es gibt bereits einige Ansatze, die sich mit denteljarisieren von Baumen beschatftigen. Es ist adg@n

liegend, diese zu nutzen und darauf aufzubauenUbétragbarkeit auf Kaiserslautern hangt unteeasm

davon ab, mit welchen Daten die bestehenden Mottallgert wurden. Wurden Traningsdaten aus Eretteil

mit einer im Vergleich sehr abweichenden Vegetagenutzt, ist es fraglich, ob das entsprechendeeMod

mit den hiesigen Bildern sinnvolle Ergebnisse liefBudem muss die Jahreszeit berlicksichtigt werden

4.2.1 Vorhandene Modelle zur Positionsbestimmung von B&ium

Es gibt bereits Modelle, die Baume detektierenteEfsiwendungen auf Kaiserslautern haben ergebas, da
die Ergebnisse noch nicht zufrieden stellend bawzbar sind. Im Rahmen eines Masterprojekts mit dem
Titel ,Improving the Tree Cadastre of KL using OdijeClassification (Python)* wird eines der Modelle
angepasst und verbessert.

Ein Convolutional Neural Network (CNN) wurde auf fthildern aus Kalifornien trainiert und liefert so
genannte Bounding Boxes, in denen Baume stehedetektierte in den Testdaten 73,3% der vorhandenen
Baume und 73,6% der detektierten Baume waren tdislicexistent [Ventura et al. 2022]. Diese
Genauigkeit ist jedoch nicht ausreichend. Hinzu kmmdass dem Modell vier Kandle (RGBN) zur
Verfligung standen, bei den Luftbildern in Kaiseutdan aber nur drei (RGB) vorliegen.

Ein weiteres vielversprechendes Modell wurde auirB& aul3erhalb von Stadten trainiert [Weinsteinl.et a
2019] und dann mit Stadtbaumen in MUnchen feinigain

Abb. 5: Ergebnisse der Modelle von Ventura et202P] und Weinstein et al. [2019] angewendet agfLdiftbilder aus
Kaiserslautern

4.2.2 Herausforderungen bei der Positionsbestimmung

Das Ziel der KI-Methoden besteht darin, eine hoh#iBion und Abdeckung zu erreichen. Das bedeutet,
dass eine mdoglichst groRe Anzahl von Baumen koaannt werden soll und dabei gleichzeitig mogitch
wenige Fehler gemacht werden sollten. Es solltea kéine Baume an Stellen gefunden werden, an denen
tatsachlich keine stehen (False Positives, FP)s Ra&n durch fehlerhafte Klassifizierung eines agwle
Objekts oder durch ein Rauschen in den Daten \@chtswerden. Umgekehrt sollten keine B&ume
Ubersehen werden. Solche False Negatives (FN)ntraté, wenn die Bildqualitat schlecht ist oder
unginstige Umgebungsbedingungen herrschen.

Da im stadtischen Baumkataster schon viele Baurhierie ist der Fokus auf einen hohe Abdeckung
wiinschenswert. Falschlicherweise erkannte Baumsemasich schnell aus dem Datensatz entfernen,
wohingegen nicht erkannte Baume in Anbetracht degabe praziser GPS-Koordinaten etwas aufwandiger
hinzuzufligen sind.

Da die vorhandenen Modelle Schwierigkeiten mit BA#éiomen haben und es bereits Ansétze gibt, fir
Walder auf Grundlage von Luftbildern das Verhéalumsgerschiedlicher Baumarten zu bestimmen, wirdalie
Thematik zunachst hintenangestellt. Dennoch wetsireinigen Use-Cases die Baumgruppen und deren
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Arten eine zentrale Rolle spielen. Daher muss lastgf auch fir Baumgruppen eine Lésung gefunden
werden.

In stadtischen Baumkatastern sind haufig aus pragchen Grinden nur Baume auf offentlichem Grund
verzeichnet, fur die die Kommune auch eine Sichggpfiicht inne hat. Unter Anwendung von Kl werden
jedoch alle Baume auf den gegebenen Bildern erkatsw auch die auf halb6ffentlichem und privatem
Grund. Diese sind insbesondere relevant fir Anwegslidlle, die sich mit Lufthygiene beschéftigenl[vg
Albert et al. 2022].

4.2.3 Artbestimmung von Stadtbdumen mit Kl

Wesentlich komplexer ist die Bestimmung der Spedies Baume, die neu im Kataster ergdnzt wurden.
Hierflr werden zwei Anséatze verfolgt, die auf Griagg des uspriinglichen Katasters fuRen. Es saibletrp
werden, wie gut ein Modell mit hochaufgeldsten bilftern die Gattung kategorisieren kann. Da hierfur
erwartungsgemald zu wenige Trainingsdaten vorliegemd ein zweiter Ansatz verfolgt, der die
Panoramabilder nutzt. Diese und bereits existierdviddelle zur Baumbestimmung werden genutzt, um die
fehlenden Angaben zur Spezies zu erganzen.

4.3 Erganzung weiterer Merkmale

Zusatzlich zu den Merkmalen Spezies und Positiod sieitere Merkmale relevant, die soweit moglich,
grol3flachig erganzt werden sollen. Eine Priorigigruerfolgt in Abhangigkeit von den spezifischen
Anwendungsfallen. Im Projektkontext haben Standod Hohe eine hohe Prioritat (vgl. Tabelle 1). Eine
Orientierung geben unter anderen die in OSM veretmdMerkmale.

Es ist unbedingt zu beachten, dass alle Attribaté&nderlich sind. Die H6he &ndert sich stetig usi@emmt
bisweilen auch vor, dass ein Baum geféllt und arsedeen Stelle ein Baum einer anderen Art gepflanzt
wird. Das Baumkataster muss also regelmafig aktedlioder mit entsprechenden Hinweisen versehen
werden.

In OSM wird zusatzlich die Bedeutung eines Baunréssst. Diese umfasst zusétzliche Informationen z.B

ob ein Baum ein Naturdenkmal ist, eine besonderairarke darstellt oder historische Relevanz besitzt
Solche Attribute werden hier nicht bertcksichtas,sie im lokalklimatischen Kontext keine Rolleeden.

4.4 Automatisierte Erganzungen

Messbare Merkmale wie Hohe, Stammdurchmesser umsheddurchmesser konnen fir Bdume, deren
Position verflgbar ist, automatisiert aus den Lil2&en errechnet werden (vgl. Abb. 6), die bei
StralRenbefahrungen im Herbst 2021 erfasst wurden.

Abb. 6: Screenshot aus Cyclomedia mit der beispiglhdessung der Hohe eines beliebigen Baumes

4.5 Bilden weiterer Deep-Learning-Modelle

Es sollen weitere Deep-Learning-Modelle gebildetdeea, die eine Aussage Uber den Standort des Baumes
treffen kénnen: Steht dieser in einer Baumschedimem Grinstreifen oder einer Griinanlage? Dies hat
erheblichen Einfluss auf den Wasserbedarf des fig@ri Baumes. In Baumscheiben sind arttypische
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Wurzelauspragungen bis in die feuchteren Erdsahichtnein kaum mdglich und werden durch Schutt im
Untergrund sowie Medientragern wie Rohre, Kabel beitingen zusatzlich erschwert.

Merkmal Beschreibung Bemerkung Prioritat
In OSM 1 position gegeben durch GPS-Koordinat¢rDie Prazision der Koordinaten iy sehr hoch
(Latitude, Longitude); in OSM fur die Anwendung von Kil
auch Punkt oder Knoten relevant.

2 genus Art; Sammelbegriff kann aus (3) hergeleitet werdien] sehr hoch
den meisten  Use-Casd
ausreichend

3 species Gattung; Wissenschaftlicher Name praziser, aberhwistiger zu| mittel
bestimmen als (2)

leaf_type Laubbaum oder Nadelbaum kann aus (2) hergeleéeten niedrig
leaf_cycle Beschreibt die Eigenschaft daskann aus (2) hergeleitet werden | niedrig
Blattwerk abzuwerfen

6 est_height geschatzte Hohe in Metern falls keine genaue Angatdich | niedrig

7 height Hohe in Metern relevant fur Verschattung hoch

8 diameter_crown Kronendurchmesser in Metern relevant fur Verscinaft mittel

9 circumference Stammumfang in Metern kann aus (10) berechnet werde | niedrig

Weitere 10 diameter_trunk Stammdurchmesser in Metern kann aus (9) bereaereen niedrig

11 | standort Umgebung des Baumesrelevant  fir  Aussage  Ubgq hoch

(Baumscheibe, Baumstreifen, moglichen Trockenstress
Grinanlage)

12 zustand Gesundheitszustand des Baumes kann nicht grofflalcbrechnet| keine
werden, da Trainingsdate
fehlen

13 sicherungsbedarf | Notwendigkeit Vorkehrungen z@i kann nicht groR3flachig berechn{ keine

treffen werden, da Trainingsdate
fehlen; unklare Rechtslage iif
Anwendungsfall

14 | alter Alter des Baumes kann ggf. durch (2) und niedrig
geschatzt werden

15 standalter Zeitpunkt der Pflanzung des Baumggusétzliche Datenquellen sind nétif keine

am jetzigen Standort

16 besitz Privatbesitz oder im Besitz dgreine Verschneidung mit der keine

offentlichen Hand Liegenschaftskataster i
notwendig; relevant fir dig
Sicherungspflicht

Tabelle 1: Uberblick Merkmale und ihre Priorisiegim Projektkontext

Die Erfassung dieses Merkmals kann also genutaiemrum moglichen Trockenstress vorauszusagen und
somit helfen, Priorisierungen beim Gief3en von $taatnen festzulegen.

Es gibt Merkmale, die in gut gepflegten Baumkatastauftauchen und nicht leicht automatisiert auf
Grundlage der bisher vorhandenen Datenquellen #aneen sind. Dazu gehdren Baumalter und
Pflanzzeitpunkt. Ersteres kbnnte man anhand deeHidld der Gattung grob abschatzen oder ein Interval
angeben. Zum Pflanzzeitpunkt koénnten zusétzlicheterdpellen (z.B. Bebauungsplane) weitere
Informationen bieten, wobei hierbei nur abgeschétetden kann, wann ein Baum friihestens gepflanzt
wurde. Daher wird dieses Merkmal nicht berlcksgthti

4.6 Einbezug der Zivilbevdlkerung

Parallel zu den ersten Erprobungen und Verbessenudgr KI-Methoden wird eine nutzerfreundliche und
intuitive Web-Anwendung entwickelt, die einen Eimlehung interessierter Blrgerinnen und Birger
ermoglichen soll. Hierfur sollen diese unkomplizieeitere Merkmale ergédnzen oder vorhandene eelitier
kénnen. Das Nutzen weiterer Hilfsmittel wie BaurearBestimmungsapps oder Messwerkzeuge bietet sich
an. Fachkundige Personen sollen regelmaRig zuiliginfhg und Beratung zur Verfligung stehen.

In der Web-Anwendung werden &hnlich wie im GieR3-Hégr-Portal [Technologiestiftung Berlin] in einer
Kartenansicht die vorhandenen Baume angezeigtABsivahl einer dieser Punkte durch Anklicken 6ffnet
sich ein Fenster mit zusatzlichen Informationendetu soll es die Mdglichkeit einer Registrierung eygb
sodass nach einer Anmeldung die Moglichkeit bestbtdrkmale zu editieren oder zu erganzen und
Hinweise zu fehlenden oder gefallten Baumen zuigebe
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Initiiert und angeleitet von den Forschenden mitddstitzung von Studierenden und Mitarbeitenden der
Stadt, soll es regelmaRige Aktionstage geben, iedgspeise im Rahmen des bundesweiten Digitaltaogs,
denen entweder vorhandene Merkmale kontrolliertr odie Merkmale in der Web-Anwendung erfasst
werden kénnen. Jene kdnnten als Traininsggrundiageeitere Kl-Modelle dienen.

4.7 Ubertragbarkeit, Evaluation und Pflege

Der Programmcode der Deep-Learning-Modelle und alietrainierten Weights der Modelle sollen offen
zur Verfligung gestellt werden, sodass andere Koremwmter Nutzung der bendtigten Datenquellen mit
erheblich weniger Aufwand in der Lage sind, eigdiggtale Baumkataster zu erstellen oder zu verlvasse

Des Weiteren kann durch Nutzung der Modelle mitimig erfassten Daten ein Monitoring stattfindkeai
dem abgeglichen wird, welche Baume ohne VermerBammkataster gefallt, gepflanzt oder ersetzt wurden

Langfristig soll auch eine Evaluation der genutzMethoden stattfinden: Wenn eine Aktualisierung der
Baumhohen anhand von Gattung, Ursprungshohe ungamgener Zeit seit dem Erfassen der Hohe
stattgefunden hat, soll ein Abgleich mit der taldidben neuen HoOhe stattfinden, so dass auch hier
wiederum eine Verbesserung der Vorgehensweise nongmen werden kann.

5 ZUSAMMENFASSUNG UND AUSBLICK

Zusammenfassend ist festzustellen, dass sowohEmdiellung als auch die Pflege eines qualitativegut
Baumkatasters eine aufwandige Arbeit ist, die jadeor allem im Angesicht des Klimawandels immer
dringlicher und bedeutsamer wird. Ein digitales B&ataster kann Mitarbeitenden von Kommunen helfen,
Umwelt- und Klimaaspekte effektiver zu beriicksighti und nachhaltigere Entscheidungen in der
Stadtplanung zu treffen, indem z.B. geeignete Batemaflr entsprechende Standorte gewahlt werden.
Daruber hinaus bietet es Unterstiitzung bei der ds@age von potentiellem Trockenstress, Verschattung
und mdoglichen lufthygienischen Einflissen bei besiten Wetterlagen. Durch die Einbeziehung von
privaten Baumen und die Ergdnzung weiterer Merkmatd das Baumkataster umfassender und nutzbarer
fur weiter reichende Anwendungsfalle aus der Wisskaft.

Die (Weiter-)Entwicklung von Deep-Learning-Modellemlaubt nicht nur eine Ubertragung auf andere
Kommunen, sondern auch eine regelméaRige Aktualisgeunter Anwendung von erneut erfassten Luft- und
Panoramabildern. Dies ermdglicht Uberdies ein Mwiniy der Datenpflege. Unter Verwendung geeigneter
Schnittstellen, Portale und Web-Anwendungen sallerDaten 6ffentlich zugénglich und editierbar sein

Die Zusammenarbeit verschiedener Akteursgruppen @eris Forschung, der Verwaltung und der
Bevolkerung ist zugleich herausfordernd und enfgemal fir den Erfolg des Projekts. Eine transparent
Kommunikation, die einfache Erklarungen und naclzigthbare Griinde fir eine Mitwirkung beinhaltet, is
hier unabdingbar.

Es ist Uberdies empfehlenswert, dass nach der lrpgoverschiedener KI-Modelle unter Anwendung auf

unterschiedliche Datenbasen eine Evaluierung isidetf, bei der Kriterien festgelegt werden, nachettedie

zu verwendenden Daten und Modelle auszuwahlen Blad.Weiteren sollen einheitliche und vereinfachte

Prozesse erstellt werden, wie eine Erfassung bziedeskehrende Aktualisierung des Baumkatasters
ablaufen kann und insbesondere wie mit fehlerhaiggebnissen aus den KIl-Anwendungen umgegangen
wird, die sich nie ganzlich vermeiden lassen. Biradterer grof3er Schritt, der noch umzusetzen und zu
integrieren ist, wird der Umgang mit Baumgruppein.se

6 LITERATUR

ALBERT, L.; FROHLICH, N.; HAUSBRAND, N.; HENNINGER, SMAURER, T.; RUZIKA, S.: Human-biometeorologisch
angepasste Routenfiihrungen durch mathematische i&ptirg. In: Mobility, Knowledge and Innovation Huios
Urban and Regional Development. Proceedings of REAREQ022, 27th International Conference on Urban
Development, Regional Planning and Information Sgcigp. 427-435. DOI: 10.48494/REALCORP2022.7061

BRUNS, L.; DITTWALD, B.; Meiners, F.: Leitfaden fir qlitativ hochwertige Daten und Metadaten, httpsuwngdm-
projekt.de/de/downloads/leitfaden, abgerufen af®6.2023.

HENNINGER, S. (2014): The Impact of Biogenic Isopram®ependence on Meteorological Conditions withihv&h Green. In:
Rauch, S., Morrison, G., Norra, S. und N. Schlei¢resg.]: Urban Environment - Proceedings of théhldrban
Environment Symposium, Springer Verlag, pp. 153:162

LENKUNGSAUSSCHUSS GEODATENINFRASTRUKTUR RP IM MINISTERMJDES INNERNS FUR SPORT DES
LANDES RHEINLAND-PFALZ, GDI-RP, https://www.geoportdp.de, abgerufen am: 01.05.2023.

—m purecy REAL CORP 2023: LET IT GROW, LET US PLAN, LET IT GROW
'd‘?\x@ Nature-based Solutions for Sustainable Resilient Smart Green and Blue Cities

Rkl 2.



Julia Mayer, Lena Hoff, Johannes Ruf, Martin Memnglscha Henninger

METZ, M; WEINMANN, A.; KRISZTIAN, L: AutomatisierteDetektion von Baumstandorten in der Metropole RuhrFOSSGIS
e.V. (2023). Tagungsband FOSSGIS-Konferenz 202B6p. DOI: https://doi.org/10.5281/zenodo.7573277

OPEN KNOWLEDGE FOUNDATION DEUTSCHLAND E.V., httpscideforleipzig.github.io/giessdeibohm/, abgerufen
am:14.06.2023.

OPEN STREET MAP WIKI CONTRIBUTORS, OpenStreetMap WikiETag:natural=tree”
https://wiki.openstreetmap.org/w/index.php?title=Dé&g:natural%3Dtree&oldid=2446549, abgerufen and©2023.

TECHNOLOGIESTIFTUNG BERLIN, https://www.giessdenkieg,cabgerufen am: 14.06.2023.

VENTURA, J; PAWLAK, C.; HONSBERGER, M.; GONSALVES, C.; REZ].; LOVE, N.L.R.; HAN, S.; NGUYEN, V.;
SUGANO, K; DOREMUS, J.; FRICKER, G.A.; YOST, J.; RITTHR,: "Individual Tree Detection in Large-Scale
Urban Environments using High-Resolution Multispactmagery." arXiv:2208.10606 [cs], Oct. 2022.

WEINSTEIN, B.G.; MARCONI, S.; BOHLMAN, S.; ZARE, A.; WHIE, E.: Individual Tree-Crown Detection in RGB Imagery
Using Semi-Supervised Deep Learning Neural NetwdRlesnote Sens. 2019, 11, 1309.

WINTER, J: Baumfreunde Magdeburg, https://www.baunride-md.de/home, abgerufen am: 14.06.2023.

REAL CORP 2023Proceedings/Tagungsband ISBN 978-3-9504945-2-5. Editors: M. SCHRENK, V.ROPOVICH, P. ZEILE, m
18-20 September 2023 — https://www.corp.at P. ELISEI, C.BEYER, J. RYSER, H. R. KAUFMANN - Ljljana, Slovenia






reviewed paper

Brownfield Regeneration in Sarajevo — Sustainable @wth Towards a Polycentric City

Katharina Hoftberger, Angela Djuric, Hubert Klumpn&oland Krebs, Klara Mati Andrea Pavlow,
Michael Walczak
(DI Katharina Héftberger, BA, superwien urbanismnaegasse 2/4, 1080 Vienna, hoeftberger@superwia.co
(Angela Djuric, BA BSc, Urban Innovation Vienna, Opgasse 17-21, 1040 Wien, djuric@urbaninnovation.at)
(Prof. Hubert Klumpner, MA, ETH Zurich, Neunbrunsérasse 50, 8050 Zurich, klumpner@arch.ethz.ch)
(DI Roland Krebs, MBA, superwien urbanism, Lenaug@$4e1080 Vienna, krebs@superwien.com)
(Klara Mati, MBA, Colliers, Petrinjska ul. 3, 10000 Zagreb, Rlanatic@colliers.com)

(DI Andrea Pavlou, University of Sarajevo, Patriotske lige 30, 71@¥ajevo, andrea.pavlovic@af.unsa.ba)

(Dr. Michael Walczak, MA, ETH Zurich, Neunbrunnemstse 50, 8050 Zurich, walczak@arch.ethz.ch)

1 ABSTRACT

Urban planning and design processes generallywositandardised procedures that have been tried and
tested by generations of experts. However, duddddcal context and changing framework conditions
each city and project site, processes always neée tadapted and result in unique planning higdhat
take into account the specific political, spatsacial, cultural and economic conditions of a plafkdverse
circumstances might challenge ambitious procesgmigsind lead to slimmed-down planning processds an
unsatisfactory results, while an enabling environth@an enrich the process and inspire the outcdine.
reality, however, is not always black or white. féhare multiple influential factors and it is ttesk of the
planners not to lose sight of the goal and to beectrcumstances in the best possible way to aeteyh-
quality design results. Urban design may be defe®dthe process of providing quality contextualgels
for people” (Black & Sonbli 2019, 21). This indieatthe contextuality of place and process and ikofis!
the need to adapt to the local context in orderctieve an adequate result.

Within the framework of a consultancy for the Euwrap Bank for Reconstruction and Development
(EBRD), an international and interdisciplinary plamg team composed of architects, spatial planners,
economists, and sustainable resource managers,thmedéort to implement an integrated and parétopy
urban design process for two brownfield sites irafe&o. This paper explores the manifold challersas
obstacles that the team was confronted with andréstive approaches to overcome these hurdlieskds a
critical look at the adjustments in the process thedresults, and gives an outlook and recommemnuafor

the next steps towards implementation and develapme

Keywords: Land Consolidation, Sustainable Desigiiedrated Urban Design, Brownfield Regeneration,
Microclimate Simulation

2 ACITY OF CONTRADICTIONS: SARAJEVO AND BEYOND

2.1 Political and administrative context and the lack 6trust

The City of Sarajevo is the capital and largesy @it Bosnia and Herzegovina (BiH) with a population
estimated at 276,000 inhabitants, according tolatest census (Statistika, 2013). The area of ilyeis
141.5 km2 and it consists of four municipalitiesars Grad, Centar Sarajevo, Novo Sarajevo, and Novi
Grad. The city is represented by the Mayor of tlitg &f Sarajevo and the City Assembly. Along wittef
other municipalities, it is part of Sarajevo Cantarhich has its own legislative, executive and gisty
powers. It is governed by the Assembly of the Camtod the Prime Minister. Moreover, every munidtgal
has its own Municipal Mayor and Municipal Assemblijne complex hierarchy of this governance system is
reflected in all spatial processes and jurisdictioaften (mis)used in the planning of the city&ssdlopment
and urban growth.

The complex political-administrative structure dfet Canton of Sarajevo, which is reflected in the
management of the city itself, resonates at alllewf government, and complicates the managenighto
city, its territories and resources (Zupcevic & €auic 2009). The frequent overlapping of respoligds

and the exclusion of certain levels from respoligds, often supported by unclear or conflictiregal
regulations, reduces public confidence in the tdsliand intentions of those involved in management
processes. The spatial planning authorities arécplarly challenged, since private capital hasrbésving
construction activities rapidly since the politisgistem change, while strategic planning can hdeep up
with the definition of the necessary framework dtinds.
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Under these circumstances, and in view of the past-reconstruction of the city, non-transparent
developments of large spatial reserves were caotigdmostly at the sites of former industrial ardaut also

in the central urban fabric, which shook trust mthb political and professional goodwill of the asto
involved (Tzifakis & Tsardanidis 2006). In many eas planning documents were changed on investors’
requests without the participation of the publitisTwas facilitated by the law on spatial plannaigthe
time, which gave Municipal Mayors the opportunity thange existing planning documents through
abbreviated procedures and for individual locatiovithout holding a public hearing and presentation
(Spatial Planning Act, Canton Sarajevo Gazetteh, 7#0ticle 46). Real estate developments witholegal
basis or contrary to valid planning documents wereuncommon either.

Over the past two decades, the development of Sardjas led to the creation of large shopping esrdnd
monofunctional residential areas. Unfortunatelynynaf these projects failed to comply with basibam
planning parameters, neglecting important factaishsas fire safety standards, road width, and ihght
Private investments dominated the real estate isem$opublic institutions lacked the capacity toivesty
participate in real estate development. Limited lipubudgets, the need to invest in socio-economic
measures, and the absence of a resident-focusatodment strategy have profoundly influenced urban
development in Sarajevo. Furthermore, the citymnrplanning has been characterised by a lacksasrvi
and strategy, driven by the imitation of global aadional trends, such as the separation of funstamd a
car-centric approach. Planning regulations ofteioritised these trends rather than considering lloca
potentials and the overall quality of life for Sasa's residents.

The wider public and planning professionals hadtéchinfluence on urban development in Sarajevotdue
prevailing circumstances. Following the war, prévatvnership took precedence over public ownerstitb,
land becoming a valuable asset for obtaining imaest benefits. Consequently, private investors dviel
significant influence, sometimes overshadowingdbecerns of the wider public and planning expdrtss
has led to a loss of faith in effective spatialnpli;mg, as responsible institutions often prioritiseeting the
desires of investors over improving residents' igyalf life (Botic 2013). Although current urbangpining
legislation recognizes public involvement, partitipn typically occurs towards the end of desigmcpsses,
and public hearings often serve as justificationcftanges that have already been decided upon.

2.2 Environmental challenges and the new urban plan

At the same time, the Sarajevo urban area facessipge challenges amidst multiple crises like clenat
change and social division. The quality of hougiag declined and although the number of unitséadsly
growing, there is a lack of affordable housing rfidddle- and low-income groups. Public spaces amthko
infrastructure are lacking in existing and newlsatents. Environmental problems, such as air pohut
worsen due to high private car usage and reliamcevaod and coal for heating. Authorities' efforts t
address these issues are slowly entering publendise, but time and initiatives are needed foiceable
changes in daily life (Hewlett & Gallego-Lopez 2020

Sarajevo’s location in the valley allows only liegt air flow, leading to frequent smog, particuladlyring
winter months. Within the urban fabric, specifieas are more susceptible to pollution, causingfsignt
impacts on the surrounding regions. Historical arpéanning documents, spanning from the 1960s do th
1980s, acknowledged the importance of mitigatingt&ri smog by implementing measures such as city
gasification, promoting sustainable public transoon, and imposing height limitations in the cahtirea
where the valley is narrowest. However, as urbawtr intensified in the 2000s, these policies ptbve
insufficient to accommodate the pressures of urfpawth. Irregular developments on vacant lots and
abandoned industrial sites further exacerbatedeth@ronmental conditions in Sarajevo. Buildings of
unfavourable height and position further impair éiveady problematic state of Sarajevo's air poliut

The change in perspective and new understandingoofal, economic and ecological urban needs are
reflected in some important documents that have degeloped over the last few years and are akso ins
preparation for the new Urban Plan. The Study ontNé&tion Corridors was developed along with the&r
Cantonal Action Plan for Sarajevo in 2020 (Hewl&ttGallego-Lopez 2020). The document proposes
regulations for the positioning and height of thiddngs along the main ventilation corridors irettity and

has been adopted by the Government. The plannidgcanstruction needs of the Canton and the City of
Sarajevo are subject of a new Urban Plan, whicluigently being drafted. The last Urban Plan wasiad

in 1986 and has long become inadequate and ineffeict address contemporary urban challenges. ddie |
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of a high-quality urban strategy was consequerfiected in the detailed planning documents (reguja
plans, urban projects), which were supposed todsed on the overall Urban Plan. However, the omgoin
process of developing a new Urban Plan is leading humber of problems as several major development
projects in the city are halted awaiting its adoptiln such a stalemate, all efforts to activate mmprove

the urban space depend on the willingness of aecisiakers to act and advocate for the incorporatfon
new solutions into the Urban Plan and their subsegalaboration within the detailed planning docotee

At this point of time, planning is a matter of laiilg trust between the profession, the public, sieni
makers and investors, which requires a great desitilb and time, as well as a change in the mihdéell
stakeholders involved.

2.3 Brownfields as a potential for polycentric developrent

During the after-war period, large areas of forineustrial complexes were abandoned. The regeparafi
these brownfield sites holds great potential fourfel urban development and the emergence of nelitigsia
in Sarajevo. In times of high land use and rapiti sgaling in the urban peripheries, brownfieldpresent
an attractive opportunity to enable urban growtla imore sustainable way. Additionally, most broetdi
sites already have access to basic infrastructiole as water, electricity and sewer connection® Duhe
city’s expansion over time, many brownfields in &§evo are located in high-density environments iand
central positions within the city area today. Tleganeration of these sites and a general focusbainu
development activities on urban voids are signifida order to prevent urban sprawl and to geneaatity
of adequate density.

The development of brownfield sites in Sarajevo alffers the potential to create new mixed-useradities

in a largely monofunctional urban fabric that exealvalong the valley and has its main administratamtre
and business hub around the old town in the easha growing city, it is time for Sarajevo to develoew
urban centres that fulfil multiple functions, offeb opportunities as well as recreational spagdscational
and cultural institutions. In a polycentric visiofthe city, the numerous brownfield sites acrdmss urban
tissue are anchor points and incubators for sucleldements. The elaboration of a clear vision for
Sarajevo’s brownfield sites is crucial in order itmluce the release of these high-potential land and
encourage investments in their development.

The task of developing two brownfield sites in $&wa was at the beginning of the planning teantsnise
interaction with the city. Against the backgroundaocomplex political and administrative situatiand a
general lack of trust in urban planning processesyas crucial to apply a professional approach, a
transparent planning process and comprehensiloiehésed decision making.

3 CREATING TRUST THROUGH COMPREHENSIBLE PLANNING

3.1 Application of a good practice urban design process

Although each urban design process is unique ipridssedure and outcomes, there is a broad consénsus
scholarship and practice as to what basic stagesidlioe followed (cf. Black & Sonbli 2019, Carmona
2013, Lloyd-Jones 2001). In order to create “qualdntextual places for people”, the design prochssild
start with a multi-layer analysis that includes tiban context on different spatial scales as waslthe
policy framework and socio-demographic aspectse8am the findings, a strategic design framework is
developed. It informs the development of the deslgough concepts and scenarios before acting as an
evaluation matrix for the outcomes. The design elesssuch is circular rather than linear as itnisve the
concept through several evaluation loops and shioeltested by local stakeholders. The stage ofeatgli
and implementation adds another layer to the desighneeds to remain flexible and adapt to théwuar
demands that arise during realisation (Black & Sior@®19). The design process is rational and
experimental, it works through a process of dedugtiwhere a design solution is an early hypothiestse
tested, drawing on pre-existing models and expodingp multiple realities (Lloyd-Jones 2001). It is
important to stress that the designers do notreisioiation but are exposed to power relations shape the
process and its outcomes through agency and @olgiicuctures. The history of place and the conteany
political situation influence the process alonghwitumerous stakeholders ranging from policy makers,
investors, space users, etc (Carmona 2013). Acletgivig the importance of all these actors is tst dtep
towards enabling participatory design processes. ifiblusion of local stakeholders in planning peses
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has steadily increased in recent decades and num#wols for co-creation and participatory desigiweh
been developed that can be integrated into triddested processes (cf. Krebs & Mayr 2023, 550ff.).

STANDARD
DESIGN ANALYSIS [ STRATEGIC DESIGN DESIGN & 'l. DELIVERY & >
PROCEESS FRAMEWORK EVALUATION IMPLEMENTATION

Fig. 1: Stages of a standard urban design prosessrapared to the case study in Sarajevo. Sourgbo&s own figure based on
Black & Sonbli 2019.

In Sarajevo, the work process was organised inrimain phases. The first task was to understandrtben
context of Sarajevo and review the many opportesitor brownfield development that the city hadfier.
The result of a multi-criteria analysis of 24 brdietd sites was the selection of two target simsflirther
analysis and development: Kvadrant B in Marijn Deord the former Central Railway Workshop Vaso
Miskin Crni (VMC) in Novo Sarajevo.

Kvadrant B is an eight hectare central locatiothim city of Sarajevo. The area is partially depeld with
new shopping malls, business buildings and senadoésis part of the city’s new business and putsiatre,
with old heritage buildings from the Austro-Hungariperiod which are currently in private ownersfipe
rest of the site, near the Miljacka River, is ussda parking space, owned by the Canton of Sarajée
connection to the public transport system and tlael network is excellent and high density surrongsliare
a good precondition for the implementation of mixmses in the area. The redevelopment of the sédéen
subject of discussion for over 20 years and habregido a controversial topic.

The former Central Railway Workshop Vaso Miskin Cmmas partially and poorly transformed into
shopping malls after the 90s. The twelve hectaeeisicentrally located, with good connection tbthé
main traffic lines and the tram line in walking t@disce. It consists of both newly built facilities waell as old
warehouses, which are currently abandoned. Theatdatation and the high-density surrounding fam
ideal condition for the implementation of a mixeskwneighbourhood. The high number of involved owner
among which there are both private and publiciestiis a challenge to the development of the site.

The selected brownfield sites were assessed apdti@alsanalysis was carried out. In parallel, alHestate
Demand Study was prepared to inform the planningcgss and decision-making. In order to test
development opportunities, different spatial andadiuse scenarios were drafted for both sites. There
discussed with the Working Group comprising repméstéves from all involved administrative levels to
agree on the way forward. In parallel, the Sarajgrman Design Lab was conducted. The program irclud
a series of academic workshops, public events, staiceholder meetings that enabled a broader disouss
about brownfield development in Sarajevo. At thensaime, the different mixed-use scenarios for both
project sites were evaluated, and their financiabiity assessed against the backdrop of the pusly
conducted market analysis. A microclimate simulatimalysed the impact of the design on the immediat
environment in terms of heat and wind effects. nalear design visions were developed for VassKih
Crni and Kvadrant B, including a detailed desigategy, technical information, infrastructure plaas well

as environmental and social impact appraisals.fifla design also made a strong case for the bisnefi
the proposed projects from the perspectives ofrurbgeneration and sustainable ‘green’ development.

The process was carried out by an interdisciplirteam of architects and urbanists, environmentdl an
financial experts, as well as trained participatspecialists. The clear process designed on thet ofighe
project increased transparency and provided abikexind holistic approach where each stage infortined
other. The clear structure was the basis for thellement of public and private stakeholders thtuug the
process and promoted the trust and accountabéigged in the Sarajevo context.

The following sections go into more detail on soafethe components of the design process that were
particularly important in order to respond to thgedse challenges we encountered in Sarajevo: @ubli
participation, market demand, sustainable urbamgdemicroclimate simulations and land consolidatio
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3.2 Public participation in a complex environment

The concept of public participation is often expkd along Sherry Arnstein’s ladder of participat{t869).
The model describes eight levels of participatianging from manipulation to information and parsingp

all the way up to citizen control which is presehgs the ultimate form of participation. This coptien of
citizen involvement, however, has also been csiéidi Collins and Ison suggest that “[T]he linear
conceptualization of participation does little tmghasise the importance of either the process @r th
existence of feedback loops, which shape undersigmaf the situation” (2009, 362). While a highrdéof
public involvement is generally desirable, it isegtioned to what extent power should be shiftedhfro
elected decision makers to small groups of peopgi® Wave the capacity to engage. Moreover, the
possibilities and range of participation vary adiog to the design question, scale of the probkmd, local
context. Therefore, the level, range and tools wblip participation must be adapted to the specific
parameters of each project.

In the case of Sarajevo, public participation iarpling processes is usually limited to the legediyuired
public hearings prior to adoption of a planning wiment. Involvement of local stakeholders througheut
design process is rare or virtually non-existeiere is, however, an emerging public interest engpatial
development of the city. Driven by the professioaatl academic community a public discourse on urban
development is developing, which criticises the asichble developments of the past and calls foeva n
style in urban planning. The focus is on issue$ sagcquality of life, public space and social gpation,
while issues of sustainability and resilience asslIpresent. Both selected brownfield sites haga bethe
focus of public attention for a while due to specdevelopments and expectations related to thethe\
same time, there is limited experience with puphcticipation processes and a lack of trust instrstem of
political decision making. This challenging sitaattiis further complicated through the powerful iosi of
private landowners and investors who try to infliceethe public discourse to their advantage.

In the midst of this complex situation, the plamniteam for the development of Kvadrant B and Vaso
Miskin Crni endeavoured to involve decision makergperts and the public in the planning procesa In
first step, and in order to take account of thetmaykered administrative and political situation\Y\#orking
Group was set up. Members of this group includedesentatives and decision makers of all admiriggra
levels included in the planning process: Catnoity @nd the Municipalities. Regular meetings witls th
group formed the basis for transparent communigaitross administrative boundaries and hierarcries
aimed to achieve broad political support for theedeped design proposals.

In a stakeholder analysis, the planning team ifledtkey players in the professional and acadeirid bf
planners and architects in Sarajevo who shouldnbelved in the process in order to contribute their
expertise and act as multipliers to make the dsounsaccessible to a broader public. The Stakehdldee
Group comprised experts and academics, represasgaif the Association of Architects in BiH (AABH),
and local practitioners. They were invited to plagnwvorkshops to discuss ideas for urban desigrgtions
and possibilities for implementation. Additionallinterviews were conducted with selected stakehslde
from different fields of expertise related to thmeomic, spatial, and socio-cultural developmerihefcity.

The centre piece of participation and exchange twasfour-day Urban Design Lab (UDL), which was
carried out in cooperation with the University ar&§evo. It included an urban design workshop \dtal
students on both project sites, professional wanstwith municipal staff and the Stakeholder Coreug,

as well as public events like a movie night, padisicussion, and final presentation of the academic
workshop. Since the urban design process was oara oonceptual stage, the idea was to reach acat to
wider public while staying in a professional cortéebhe events were advertised through the netwaoirkise
University, AABH and Days of Architecture, a loakhitecture festival. The professional exchangind
the UDL was very valuable for the design processsapported the development of robust masterplaats t
would respond to the urban context and local ne€ls. participation process also revealed broad@tpp
for the work of an ‘external’ planning team thatuwhk bring in new ideas and possible solutions ® th
development of two sites that have been much discliand disputed in the past.

The entire planning process was thoroughly docuetkand the results were submitted for the National
Architecture Award (Collegium Artisticum). It waslected as winner in the category urbanism and
presented in a public exhibition. Moreover, thejgcbreport was published by the University of $ara
with a clear presentation of the design processfalhdlisclosure of all plans and development prgis
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(Krebs & Pavlowt 2023). The planning team has thus guaranteed amaxdegree of transparency on the
process and its results. It is now up to the malitdecision makers to initiate implementation analve the
public in a continued discourse on the design enkalisation in the urban context.

3.3 Market demand study and financial analysis

The aim of the market demand study and financialyasis was to understand the current situatiomefreal
estate market in Sarajevo in order to base thggspbposal on actual needs and respond to adirersss.
The approach was chosen in response to the unoatedireal estate development of the last dechdes t
has led to monofunctional housing estates on tharufringes and underused spaces across the @ibdn f

As a first step, a detailed market demand analyss prepared to understand the investment and
development activity and trends in each real estatgnent (residential, office, hotel and retail ka#r in
Sarajevo and BiH. One of the key findings was thet to the unavailability of large lands for deyst@nt
within the urban fabric, most new development istba suburban, greenfield land. The migration of
residents to the outskirts resulted in the need dgpansion of the city's infrastructure (communal
infrastructure such as roads, sewerage, pedegtatrs etc.). In addition, the remote location @& tlew
suburban neighbourhoods leads to long commutesetadowntown business district every day, mostly by
car. This has a negative impact on the qualityiroflage to high CO2 emissions. Furthermore, theadist of

the new residential neighbourhoods to main pulalalities (e.g. hospitals, schools, elderly homees) end
lack of mixed uses exacerbates social exclusiore Tarket demand study supported the case for
regeneration of central dormant brownfield siteshsas Vaso Miskin Crni and Kvadrant B. The two ciglé
sites have access to the communal infrastructoeal§; public transportation — tram and bus linesess to
sewerage, electricity, water, telecommunication)eind they are close to the central businessiatisind
public institutions. In case of a reuse of the brbeld sites the greenfields might remain undevetbpnd
pollution could be decreased and social inclusiesueed. Moreover, given the sites’ central locatom
connectivity, the utilisation of the existing urbanfrastructure would be improved (more users ainelct
and indirect financial benefits).

Based on a detailed market research and analystheofocation of the two selected sites and their
characteristics, a highest and best use analysicaraducted. The key conclusions of the analygipatied

the elaboration of mixed-use concepts and projeasing schemes. Due to the vast size of the Vas&iMi
Crni site, one of the key recommendations was &pkan element of flexibility in the future planning
documents to create the opportunity for a susténabonomic development rather than prescribing the
long-term redevelopment according to short-termketgprojections (Bacon et al. 2008).

Finally, a financial case using a discounted césh method was prepared based on the developmeos ra
and vision from the proposed masterplan. The firzhase assessed financial feasibility and vighdf the
proposed concept. The quantification went beyoedypical investment return ratios. An estimatidrihe
favourable environmental implications for the prepd development was also conducted. Some of the
analysed implications were obtained by assuming dbdace of public greenery per inhabitant and
employee, estimating the reduced commute time aadtdy of fewer CO2 emissions.

3.4 Sustainable urban design and smart city innovation

Based on the spatial analysis, inputs from pasditgm, financial considerations and other releaators, a
robust urban design was developed for both sitesfiast proposal for further elaboration.

The site of Kvadrant B is envisioned to be devetbas a new business centre that incorporates mises|

to create a lively and attractive neighbourhoodou®d floor areas will host shops, services, cades|
restaurants, reviving the streets and public spatdbe area. The inclusion of a variety of newtcan
functions will further support the implementatiof lusiness and retail uses. The concert hall wha$
been anticipated for the past 20 years will beriakéo account with a designated plot that is teraply
used as a public park. Moreover, a significant @etage of high-quality housing should be presergitanto
counteract the decreasing number of residents énctntral area of the city. The new urban structure
responds to the Austro-Hungarian urban patternhan dast of the site and continues the typical block
perimeter system. Existing heritage buildings shallpreserved and restored while the structureeaf n
buildings will gradually transition towards the nesdist buildings in the west, organically fillinget gap in
the urban fabric. Building heights develop with tiigology, rising from east to west with a high manext
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to the existing tower of the Sarajevo City Centdre area along the river will be transformed intiinaar
park providing a high-quality green space. The reeof the neighbourhood will be a new green squdtie
multifunctional urban surfaces but many trees tovigle shade and cool down the environment durirtg ho
summer months.

Fig. 2: Development propositions for Kvadrant Btjleind Vaso Miskin Crni (right). Author’s own figure

Vaso Miskin Crni could be redeveloped as a new raéityt of Novo Sarajevo that integrates central
functions which are currently missing. The develeptmof a mixed-use neighbourhood will include afic
retail, housing, and social infrastructure in aabakd ratio that responds to market demands aalliskies
an urban business centre. Integrating active likegestaurants, cafes, and shops, in the grolaod Zones
of the buildings will be crucial in order to createlively centrality that meets the demands of peop
working, living and seeking leisure in the areaeTtew urban fabric respects the industrial heritfgihe
site while responding to surrounding structuress lecommended to keep two buildings of the oldviRey
Workshop as valuable assets that preserve thetidehtthe site. The form of the old production Ihais
picked up and replicated to shape the urban gdodgathe east-west axis. The predominant typology is
modern block development with green courtyards. @ieaser blocks in the southeast of the site have
continuous plinths that provide larger spaces ébtail and urban workshops. The general buildingltteis
five floors with selected high points of up to 16drs. The main public space is the one-hectark ipathe
centre of the neighbourhood. It will be designedutbl the diverse needs of the new inhabitantd arople
working or studying in the area. The main east-va&i will be another important public space. Desifjas

a pedestrian boulevard with shops, cafés, andurestss along the building fronts, it will be thdorant spine
of the neighbourhood.

With the development of the two brownfields, Sarajbas the opportunity to implement flagship prigec
for smart and environmentally friendly urban depatent. However, sustainable urban development is a
long-term transformation process that adds an dayrer of complexity to already complex urban desig
processes (Thompson 2016). In order to establishnaovative ecosystem in a smart city, numerous
stakeholders need to be coordinated. Sophistigpteernance with a long-term planning horizon isuresg,
where tasks include management, decision-making iempdementation, but also communication and
creating transparency and opportunities for pgaitdon (Appio et al. 2019). In 2018, the City ofr&avo
launched a Smart City Initiative, developing a amsifor Smart Sarajevo 2030. Initial projects haeerb
implemented since, however, a legally binding awdngrehensive Smart City Strategy has not been
established yet. Measures against air pollutioraam priority in Sarajevo. Hence, reducing raadfic and
promoting renewable energy provision and green exgpaare the fields to be tackled in any urban
development project. Considering the local chakengthe lack of a holistic strategy, insufficient
sustainability standards in the building sector émdted public budgets, the recommended Smart City
measures for the two brownfield developments famusaffordable innovations in the fields of reneveabl
energy and energy efficiency, sustainable mobsiithitions and green city.

The introduction of sustainable building standardboth development areas could be a lever to ethe
high energy demand for heating and cooling and jsreaequisite for shifting energy supply to local
renewable energy sources such as district heagagaghermal and photovoltaic energy. Since greeldibgi
certifications are not yet standard in BiH, thevim@ields could be presented as lighthouse projertse
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scaled up in the future. The use of state-of-thdxailding rating systems could also become mangidto
quality assurance and create transparency, whig¢hrinsupports the trustmaking process. Regardieg t
costs, which are an obstacle in the implementaif®ustainable building standards, investors havaxpect
an additional 100 euros per square metre of net fioea or a total additional investment cost glercent
(Schofmann et al. 2020; Hu & Skibniewski 2021) . tDe other hand, the operating costs over theclitde
of a building can be reduced by up to 85 percentlfidektur Online 2020).

Sarajevo's path towards becoming a pedestrian iagdié-friendly city requires the reduction of mosed
vehicles and the promotion of active mobility waltractive public transport and supplementary micro
mobility offers (Appio et al. 2019). The establistih of car-free neighbourhoods with neighbourhood
garages at the edge of the area with e-chargimgsinéicture and a general reduction of parkinggalilbns

for project developers have been recommended. Asdeqpicycle infrastructure inside and outside the
buildings (lockable bicycle parking, etc.) shouklimplemented. Sharing systems (bicycles, e-carspe a
valuable complement to the use of public transgmrt,should be implemented on a city-wide leveblru
transport remains by far the most energy-efficirantle of transport for daily use.

Air quality is a top priority in Sarajevo, so dewpérs should prioritise green city solutions andate
resilient urban spaces. Landscape planning shoeldntegrated early and throughout the development
process to be cost-effective. Greening and shaafipgiblic spaces are the most effective measurasai
urban heat islands in the long term. Intensivetpign(trees, facade greening) also has positivectffon the
microclimate. Trees with a high crown density caduce the perceived temperature by up to 18°C glurin
the summertime (Stangl et al. 2019). In additioheat, heavy rainfall is also one of the noticeaflects of
climate change, so the implementation of comprahemainwater management is strongly recommended.

3.5 Microclimate analysis

The impact of wind and its relationship to temperatis crucial in a topographical valley like Sexaj due

to the high probability of the Inversion WeathereRbmenon (Walczak 2023). In order to understand and
quantify the current urban situation and poterfiiire projects, different simulation frameworksdae
applied. “Rhinoceros 3D” with the algorithmic molitey extension of “Grasshopper 3D” allows a reatdi
bridge between qualitative 3D modelling (architeettand urban design) and quantitative simulation
frameworks.

On the one hand, these tools were used to simglategerature during a period representing the hoktesk

of the typical meteorological year. As input, higtowveather files from the years 2007 to 2021 wesed
from the location of the International Airport iri@jevo (Climate OneBuilding 2023). On the othencha
Computational Fluid Dynamics (CFD) wind simulationgsere run through “OpenFOAM” cases.
“OpenFOAM” is an open-source CFD software and has#ensive range of features to solve, among
others, complex fluid flows and turbulences, whigs been made accessible through the “blueCFD-Core”
project (Walczak 2023). The simulation results hagen calibrated and validated in Sarajevo thraugh
site 3D wind measurements using a mobile GalionARBystem “windRoverll” (Walczak 2023), as part of
the 4D Digital Twin for Sarajevo developed withimet“Urban Transformation Project Sarajevo - UTPS”
(Walczak & Pagani 2022). Additionally, both framek® required information on building volumes, faead
materials, roofs and public spaces, as well atottaion of vegetation.

Through an iterative process and fast visual feeklipaechanisms, multiple scenarios were graduadiiete
and translated into the architecture and urbargdesi both brownfield sites. Challenges and opputies
included strategies in larger open spaces regardivan heat islands and their mitigation througfetation
and non-sealed surfaces. Related specifically mdwirban design features such as porosity in imgild
volumes, the linear orientation following the wididection and heterogenous building heights supydran
ventilation and natural cooling. Also, the incorgiion of water bodies and river streams is bemagittold
air streams.

As an outlook, conclusion and policy recommendatifmm resilient planning and implementation, each
regulatory plan would require such an analysisesithe climatic boundary conditions are changindwit
every intervention (Pelja-Tabori 2021) .
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3.6 Towards implementation: ideas for land consolidatia

Early phases of analysis have revealed complex mhigestructures at both sites. Plot sizes rarya frery
small to very large parcels with a diverse mix arenthan twenty different landowners on each Jite
largest shares are owned by private companiesywiell by different public institutions and individua
private landowners. In both cases, the complex osing situation has been the main reason why a
coordinated overall development has not taken pilladbe past. While large private owners have shown
their interest and were willing to buy the parceismaller owners, the latter are hoping for higteturns
and better opportunities at a later point. Publimers and the local administrations have not ygeldped

the necessary tools to facilitate and lead theldpweent either.

The study of good practice cases from Vienna, heweoffered solutions that could also be feasible f
Sarajevo. The central tool for land consolidatiosuld be a cooperation agreement in the form of drat)
Development Contract between all private and publimers that is based on a consensus about the
masterplan for development and future cadastreqfltéime area. The new cadastre plan redistribbieaind
according to their value after development. Landensnwould own the same share of net gross floa are
compared to the percentage of land that they own fitiis ensures an equal distribution of the pribifét
arises from development. At the same time, seldarediparcels would be transferred to public owmierso
provide access roads, public parks, social infuatires, etc. These assets are an added valuéhd¢o ot
landowners who can sell their properties for highres due to enhanced amenities in the surrogad#it
the same time, they guarantee basic services gmwen quality of life also for the people livingoaind the
site. The cooperation agreement also includesaineding of a joint Development Corporation thatkethe
development process from this point on, coordimgpth stakeholders and implementing the masterpkan
agreed.

The Vienna model of land consolidation has beersgied to the local public authorities who showed
interest in the approach. Major landowners werdamiad to assess their willingness to cooperaseiii a
process. Overall there have been positive reactlmrsthere were also concerns in relation to the
transparency of such processes. The need to @edtmaintain public trust and to include the wipeblic

in decision making processes related to both bri@ieh§ites that represent key locations in the nirfladric
was emphasised. However, the coordination of symoeess through international and independentrexpe
was seen as a potential to overcome such obstaotbdo move towards implementation of sustainable,
mixed-use neighbourhoods in Vaso Miskin Crni ancdrant B.

4 CONCLUSION

The elaboration of development proposals for KvatlBaand Vaso Miskin Crni took place in the fielfl o
tension between the interests of different politead administrative levels, landowners and thelipubs

well as the contemporary demands on modern urlamiig, which result from the climate and biodivgrs
crisis, social inequality and economic developnmegjuirements. The textbook approach to urban design
was adapted and enhanced to meet the specifienbah that the City of Sarajevo presented to @uenjrhg
team.

The complex political and administrative system #mel lack of trust in public authorities were added
through a transparent and comprehensible planniogeps where each step was a logical consequence of
previous analysis and which was fully discloseatigh a publication that covers the entire desigitgss

and final results. Local experts, academia angth&essional public were included through the Stakder

Core Group and open event formats reached outmidler public for the discussion of concepts andgfes
principles. The many layers of administration wierelved in the process through the Working Grolgt t

was regularly informed and invited to participatghe design process through co-creative workshops.

The predominant role of developers in urban devatg in Sarajevo and complex ownership structures o
the selected brownfield sites were tackled throtlgh empowerment of the local administration in the
Working Group that enhanced their internal coopenaand influence on the design process. At theesam
time, a comprehensive real estate demand studyezhsiuat the recommended mix of uses was based on
empirical facts rather than on personal finanaménests or public misconceptions of the situatibhe
proposed land consolidation approach representssilpe solution for the problem of implementatand

the possibility of further independent consultatipnthe international team has been offered.
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Environmental and social challenges can be metgtrannovative design ideas and smart city appresc
that were adopted to the local circumstances atehpals. The microclimate analysis is a new toaldfine
urban design that has been used for the first tm&arajevo and has proven the compatibility of uhgan
design proposal with the demands of the ventilatiomidors. Some suggestions from this work cousd a
find their way into the new urban plan currentlyrigedeveloped.

Overall, the aim of the design process was to eddbosustainable, resilient and climate-fit deveiept
proposals for brownfield sites in Sarajevo andiovgcase a design and possible implementation psahas
could be replicated in other urban voids throughtbet city in order to create a polycentric city shfort
distances. Of course, the team’s efforts cannatecad this point and it will take much more workhwa
specific focus on stakeholder engagement, publisaitation and transparent cooperation with landran
to move these projects towards implementation @udlity contextual places for people”.
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1 ABSTRACT

Urban heat islands are a frequent phenomenon itiafisantly impacts liveability and human well-Ingj.
The ongoing research aims to provide an updatedahapgssin Canton's critical spatial and thematéaa
in Switzerland. Furthermore, the objective is teastigate the level of performance of the curremtlgj/ines
and provide indications to ensure a greater leivglistainability in the urban planning of cities.

In adapting to climate change, the Swiss Confenteratstablished an action plan for 2020-2025 cosimmi
75 measures. This intersectoral coordination dootim®vides the cantons and municipalities withcpeal
actions for tackling climate change.

The research stems from a holistic view of the tlsmft the Alps heat island phenomenon through an
interdisciplinary and multiscalar approach. Therefdhe attention is on the trend of summer tempessg,
particularly on days of heatwave. Furthermore, shely verifies the effects of the nature-basedt&wia
adopted in the territory. In this way, it evaluatee impact of the measures in the action plan thed
variables that most affect human well-being.

The study is developed in three consecutive phibassd on the literature and the work carried outhley
Federal Office for the Environment (UFAM). Firdigtavailable satellite images calculated the LamfiaSe
Temperature (LST) and the perceived temperatureTPHtegrating these results with geospatial,
demographic and settlement data has made it pegssilddentify the most sensitive areas of Tessint@a

In the next phase, the liveability in the heat nidla was investigated. Various instruments (sensors,
Climametro and thermal imaging camera) were useahtidyse the climatic data and the data on the buil
environment in the urban area of Mendrisio, a ititthe south.

In the third phase, the main aim was to verify tilean microclimate and provide valuable indicatifors
the definition of a sustainable city. Thereforee ttelationships between land use, urban typologies
abiotic nature were investigated.

The results of the ongoing research concern extgritiie heat islands of the Tessin Canton and etadua
the effects of the measures promoted by the UFAM: fiext phase will allow for an in-depth study lud t
role of surface and groundwater in urban areasvahely floors. The aim is to provide further indicens for
implementing the sponge-city concept.

The ongoing study is possible thanks to the symerjetween the University of Applied Sciences ang A
of Southern Switzerland and the Republic of Tessamton. The results obtained greatly help provide
guidelines for sustainable territorial planningttisaattentive to human well-being.

Keywords: climate change, abiotic natures, urbarraalimate, heat islands, Tessin canton

2 ADAPTATION TO CLIMATE CHANGE IN SWITZERLAND

In Switzerland, the Confederation has a coordinabéel in climate change adaptation. The action [fan
2020-2025% currently in force consists of 75 interdisciplipaneasures, which are in continuity with the
2012 strategy and the 2014-2019 action plan. Tla igdo coordinate the actions put in place arepare
the necessary to face the challenges of climategeha

Based on the work carried out by the UFA&hd the literature on heat islands, the ongoiogept started in
2020. The objectives were defined by an interdis@py team of SUPSI and the Department of the
Territory of Tessin Canton.

L«pdattamento ai cambiamenti climatici in SvizzePdano d’azione 2020-2025".
2 Federal Office for the Environment.
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The project aims to map heat islands in Tessin @arih 2022, IPC&defined the UH! as “The relative
warmth of a city compared with surrounding ruradeas, associated with heat-trapping due to landthse,
configuration and design of the built environmeimgluding street layout and building size, the heat
absorbing properties of urban building materiadsluced ventilation, reduced greenery and wateurfest
and domestic and industrial heat emissions gertedatectly from human activities*.

The second objective is to investigate the peroaptif temperature within urban typologies. This aim
allowed the study to obtain two other results. tFasalyze the abiotic measures of the federabagiian in
terms of performance. Furthermore, the study pexVishdications to improve the urban microclimate an
gain greater sustainability in the urban plannihgites.

3 IDENTIFY HEAT ISLANDS

The research stems from a holistic view of heanidl phenomenon through an interdisciplinary and
multiscalar approach. Therefore, the attentiomishe trend of summer temperatures, particularigays of
the heatwave.

The study is developed in three consecutive ph&saing the first phase, the most problematic afdbe
Tessin Canton were identified through the analgbsatellite data of the surface temperature. hiteh to
the impact of heat on the cantonal territory, isvessential to have information on the territorigerefore,
the study required information about the conforomatof the territory to understand how it can absorb
reflect or reduce heat. At last, Canton's availédlatorial and demographic variables were neddethoose
the relevant ones to identify the areas where & tan produce the most significant impact orte¢hdéory
and among the population.

3.1 The surface temperature and the perceived temperate

The first data analyzed were satellite data ofetagh's surface temperature. The E8Tthe temperature
measured at the level of the earth's surface. Almgrto Anderson et al., the LST is one of the most
important parameters in the physical processesifdice energy and water balance at local throughagl
scaleg. Simplifying, it is not equivalent to the air temmpire but to the temperature perceptible by toghi
a given surface.

The first step used an indicator that associatéerovariables with temperature to understand how
environmental conditions affect people's well-beiftyis the Physiologically Equivalent Temperature.
According to Hoppe, PETis defined as the air temperature at which, igpacal indoor setting (without
wind and solar radiation), the heat budget of thendn body is balanced with the same core and skin
temperature as under the complex outdoor conditmhe assesséd.

From a human bioclimatological point of view, itlinates the feeling of aphasia. The point wasgkaple's
thermal perception changes more rapidly than chaitgair temperature. Matzarakis ef aonfirmed that
the PET, expressed in °C, is a suitable indicatottie human-biometeorological evaluation of theriimal
component of different climates.

After acquiring the LST values from satellite measoents’, the maps of the perceived temperature were
drawn up using a mathematical model based on timeula developed for the city of Dresd€nAn initial
check was carried out to validate the calculated.PlBe case study was the Mendrisiotto Region, tith
temperatures measured and the data acquired h&irgjitnameter (see chapter 4.3).

% Intergovernmental Panel on Climate Change.

* Urban heat islands.

® Land Surface Temperature.

® «“A thermal-based remote sensing technique forimeunapping of land-surface carbon, water and snfuges from
field to regional scales".

" Physiologically Equivalent Temperature.

8 “The physiological equivalent temperature - a ensal index for the biometeorological assessmenh@fthermal
environment®”.

° “Applications of a universal thermal index: phyisigical equivalent temperature*.

'YECOSTRESS and Landsat 07.

1 “Risiken beherrschen, Chancen nutzen. Die Regi@sden stellt sich dem Klimawandel”.
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Based on the available data, it was possible tdyme three representations of the heat islandsigErtein
Tessin Canton. The first map concerns the averggasion of the heat islands on heat days withvanage
temperature above 25°. The second map identifieextent of heat islands during extreme weathenteye
such as in the summer of 2022, when the temperawaeeded 25° for two weeks. The maps underline tha
in addition to the more inhabited areas, thera@imarease in temperature also on the valley sides.

Fig. 1 (left): the average size of the heat islaftigborations by the authors (2023). Fig. 2 (digthie extension of the heat islands.
Elaborations by the authors (2023).

Building- zonesq
>-60-resident- population-/-haf|
>-60-employees-/-haf .

080

1 >-20-<5/>65-years-/haf Ny N
I Y
Fig. 3: example of the sensitive and vulnerablasua Tessin Canton. Elaborations by the authora3R0

3.2 The sensitive and vulnerable areas

In addition to the maps already introduced, a rtudy was made to understand where high tempesat
are a problem for the population of Tessin CanBansitive areas are areas where the density oésident
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population and workers exceeds 60 units/ha. THisevis approximately equivalent to a utilizatiorléx'?
0.5 that separates the typology of single-familyges with gardens from denser typologies. In aulditihe
study identified vulnerable areas where the derddfitghildren under five or people over 65 exceefs 2
inhabitants/ha. The analysis showed that heatdslaften coincide with a high resident populatiemsity

or employees.

4 LIVING IN URBAN HEAT ISLANDS
The elaborations in the first phase provided esganaps for understanding the urban heat islanension.

Despite this, it took much work to indicate theatioi nature measures to make urban microclimateemor
livable.

Therefore, three measurements examined the urpatogies and climatic elements determining wellagei
The measurements concerned:

< the trend of the temperature and humidity of thelaiing 24h;
« the measurement of the surface temperatures vétthdrmal imaging camera;
« the evaluation of all the relevant data of the usd¢he space thanks to the Climameter.

The analyses were conducted in the Mendrisiottmnegfocusing on Mendrisio, Stabio and Chiassojrdyr
the summer of 2021.

4.1 Check the air temperature throughout the day

The first campaign verified different types of unbgpaces on air temperature. The work aimed to acenp
spaces with similar characteristics in terms ofstaurttion and use but with different architectuaald
abiotic nature elements.

Bluetooth Data Loggers were installed in Mendrisigecord temperature and humidity trends. Thedogg
(Temperature range: -20° - +60°; Temperature acyura 0.5°C; Humidity range: 0-9% RH; Humidity
accuracy: = 5% RH) were capable of registering éatry 10 minutes and of archiving data for 100sday
The data were exported in CSV format via Bluetofotim up to 50m. A total of 24 sensors have been
installed.

The comparison between measurements in the urbéurueial areas was easy. The interpretation of the
differences within the different urban typologie®k more work. The analysis identifies that angation
system lowers the temperature by approx. 1° arndhleashade lowers the area's temperatures bya@fro
However, these variations cannot describe therdifiges in terms of perception. The air temperaghoavs

an average value that does not quantify the thesttaks a person is exposed to. Therefore, differen
measurement methods must be used to analyze atlterd relevant to well-being within urban spaces.

Temperatura
Periodo: 13/08/21 - 15/08/21

=

Fig. 4: the measurement campaign in Mendriso (CHt) ®ata Logger Bluetooth. Elaborations by the aig{@a023).

12 Relationship between the gross useful area built and and the area of the land.
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4.2 Measure and display surface temperatures

A thermal imaging camera was used during the sesumdey. “In a limited sense thermal imiging is
basically concerned wih converting images produbiethe longer-wavelength thermal radiation emnitye
these cooler bodies to visual wavelength imagesibacan see. In a broader sense the term themmagirng
can also apply to systems where no visual imagengrated, but a thermal image is captured andcgsed
entirely electronically to measure some specifiameter or detect the presence of some objéct.”

The survey used the FLIR Lepfbnamera with radiometric-capable solution thanigker than a dime, fits
inside a smartphone, and is one tenth the cogstditional IR cameras. Using focal plane array8@{60
active pixels, Lepton easily integrates into natmebile-devices and other electronics as an IR®seois
thermal imager. The radiometric Lepton capturesute, calibrated, and noncontact temperature idata
every image pixel?
The following figure is an example of photos takethe summer of 2021 in Mendrisio (CH).
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Fig. 5: the measurement campaign in Mendriso (CH) ®LIR Leptorf camera. Elaborations by the authors (2023).

4.3 Detecting and calculating perceived temperature

For the third campaign, the study applied the GiglFmethod. It is developed by HEP?and includes a
measurement protocol and the Climameter instrum@ityFeel measures the human perception of the
immediate environment in terms of response to hygrmics and air quality.

The Climameter is a light and compact backpackehatbe used on climatic trips anywhere in the ditis
composed of several sensors for ambient and ratfienerature in vertical and lateral directionanidity

and air movement (wind), solar radiation, and hetesical visual environment (sight) from which some
urban indicators are extracted (view of the sky)etords other parameters related to the compasiti the

air (CG,, NQ,, Ozone, PM 2.5-10) and the acoustic situatioaldb includes a platform, a GPS and a data
logging system.

The data collected by the sensors feed a moddieofitermal equilibrium of the human body to evaduat
PET. Other common indicators of comfort or stregsadso calculated, such as PMV - Predicted Meae,Vo
UTCI — Universal Thermal Climate Index, HUMIDEX -urhidity Index, and WBGT — Wet Bulb Globe
Temperature.

13«Thermal Imaging Cameras: Characteristics anddPewince.”

% hitps://www.flir.com/products/lepton/

5 Haute Ecole du Paysage, d'ingénierie et D’architecDe Genéve.

16 «CityFeel — micro climate monitoring for climateitigation and urban design”.
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The uCM-Viewer facilitates the observation and interptietn of the collected data using a graphical
interface, making it possible to reproduce and yameakex post the climatic paths performed in an atmo
immersive way.

The instrument was used for surveys in Mendristapi® and Chiasso during the summer of 2021. Around
20 routes were carried out at different times (riragnafternoon, and evening), each relief from tméwvo

and a half hours. The planned routes were closieet@4 Bluetooth Data Loggers, close to the Metésw
measuring stationsin Stabio and close to the OASmeasuring stations in Mendrisio to compare tha.dat
Furthermore, the main points of interest for th@uation were considered, such as hospitals, reén
homes, universities, railway stations, historiatces, industrial areas and open squares.

This campaign combined the factors mentioned infitsetwo campaigns and was crucial to represkeat t
human experience.

Fig. 6: the measurement campaign in Mendrisio (CHf) the HEPIA Climameter. Elaborations by the aush@023).

5 RECOGNIZING THE POTENTIAL OF URBAN TYPOLOGIES

The third phase aimed to verify the effects of nla¢ural solutions adopted in the territory accogdio the
analyses developed by Kleerekdpeabout urban design and the indications in “Reduditban Heat
Islands: Compendium of Strategigstegarding the importance of trees on streets aautding lots.
Specifically, the present study evaluated the imp&aneasures, including the federal action plad tre
variables that most impact human well-being. Theesf the relationships between land use, urban
typologies and abiotic nature were investigated.

5.1 The retention and reflection of materials

Construction materials with different heat retemtior heat reflection were considered. Analyzes have
underlined that the most pleasant place in Meraliisithe summer is still the historic centre. Exanhot
summer afternoons, temperatures remain below tlessstimit. The combination of shade with surface
materials that balance the temperature througtheuti&y allows the cool of the night to be transgmbihto

the day.

Regarding the colours of the facades, light coloefigct the light better and heat up less. Thesfmaking
surfaces lighter usually reduces heat build-up.eximeless, light colours can increase PET if tllectve
effect of white makes the situation in front of faeades less pleasant.

" The automatic network SwissMetNet from MeteoSwiss.

8 The network of monitoring stations of the Tessanf®n Environmental Observatory.

9 “Urban measures for hot weather conditions imapterate climate condition: A review study”
2 “Reducing Urban Heat Islands: Compendium of Sgiat®
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Fig. 7: elaborations to investigate the effecthaf tnaterials and colors of the facades. Elaboratigrthe authors (2023).

5.2 The waterproof or vegetable flooring
Different ground, such as asphalt, gravel, gragsiaoforced grass for parking, are typical of thely area.

In the industrial area of Stabio, the differenceaeen partially impermeable surfaces with treedis&reets
and asphalted streets or an impermeable streetisituwithout elements giving shade was analyzde T
comparison of the collected data underlines thaintroduction of single green elements contriblitde to
urban microclimate for people's well-being.

PET 40°

PET 37°

s
6°

30° 28° 33°
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Fig. 8: elaborations to investigate the introduciid individual green elements. Elaborations byahthors (2023).

Combining the measures improves the situationteruser. Mendrisio’s case study, for example, coatpa
two car parks. The first combines trees with a mainke floor. The second case is entirely pavedowith
mitigation measures. Data analysis of a summer déeatPET differs by almost 10 degrees between these
two situations.

At last, a combination of elements is needed torawp the situation. Furthermore, the attention &hou
certainly be paid to water retention. Vegetatetl smiserves humidity and contributes to a pleaskmiate,
so ideally, the city becomes a Sponge City. Aceaydo the World Future Council, Sponge City indicaa
particular type of city that does not act like ampermeable system not allowing any water to filtkeough
the ground, but, more like a sponge, actually disstine rain water, which is then naturally filtetgd the
soil and allowed to reach into the urban aquifétss allows for the extraction of water from theognd
through urban or peri-urban wells. This water careasily treated and used for the city water suflply

2L«gponge Cities: What is it all about?”
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5.3 The shade or exposure to solar and reflected radiiain

The sky is usually pleasantly cool, and its surferaperature is between 5-7 degrees, higher wihdcl
cover. Thus, even in summer, people feel the cgadfiect of the sky when they are outside. Thessun'
radiation compensates for this effect wherever slimdot.

Exposure to high temperatures is also influencethbybuildings' shade. For example, the situatietvben

the sun and shade of the new SUPSI building in Meindis lowered by over 10° PET despite the same
external arrangement. This means it is comfortalleng sunny days in the winter but becomes almost
unlivable in the summer.

Finally, the data has shown that the temperaturgrafel squares or dry green areas does not difterh
from asphalted squares. The introduction of treggyb PET closer to air temperature. Therefore didta is
below the heat stress limit.

PET 31° PET 36° PET 33°

Fig. 9: elaborations to investigate the effectredow in public spaces. Elaborations by the autfR123).

5.4 The design or not of the vegetation on the walls

Greening roofs and walls can mitigate the overhgagiffect. Plants cool the air by evaporating waieal
radiating less heat. A green facade or an interggi®en roof thus also contributes to an acceptdivtate in
the public space.
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Fig. 10: elaborations to investigate the effedhef greening of the walls. Elaborations by the axg{2023).

From these considerations, three situations in Msiodwere analyzed during an August day with acle
sky and 31-32° degrees. The first case is a 20ttupe street with buildings alternating with treedd
gardens in front of a large park with centenargdreilong the same road, the gardens are eitheeded to
waterproof outdoor parking or occupied by a sendarground garage bordering the road. The third case
considered green walls. The analyzed data showatdgtieening private gardens without measures in the
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road space lowers the temperature, but not bel@vnécessary value. The green roof does not bring
significant benefits to the public space. A simiddiiect is the case of green walls: the data aedlydo not
show a significant contribution to well-being. Tetare, single greening interventions in a predomiiya
impermeable and built space exposed to the sumdsignificantly contribute.

6 A NEW ATTENTION TO THE QUALITY OF PUBLIC SPACES

The ongoing study shows that in many localitiesTeéssin when an air temperature of 30° is reached or
exceeded, people are already exposed to severestnesst of over 38° PET. Therefore, reductionshen t
perceived temperature of approximately 10° are ss&n§ to bring the situation back within toleralineits.

As described in the paper, applying single meashaiedimited effectiveness. In the best cases, ribdyce a
few degrees to a maximum of 5°. Only public spabas combine several measures to reduce heat ssland
manage to achieve the goal. These reflectionsbeifundamental for envisaging measures and intéoren

in the cities of the valley floor but also for sinat medium-sized urban centres, located in théeyalor in

the mountains. Planners need to pay more attetgioimermal comfort conditions in urban typologiaad
interventions are also needed to limit overheatpignomena through ventilation or natural cooling
measures of the external spaces. Therefore, manealtosmetic greening of the existing city is nesgli A
new approach to the design of urban spaces willdmessary so that they are also pleasant to lies ia
function of climate change.

The research is still in progress. The deadlinexected in 2025. During 2023 the focus is on ifigng

the contribution of night cooling, on the open-smmurdissemination of the maps created and on the
involvement of the municipalities to introduce thieidy results. At the moment, the phenomenon of hea
islands must be addressed according to a holigionvthat includes the processing and interpratatf
different types of data at different scales of imemtion.

The importance of involving the population and logathorities is undeniable for the future. Theusof
reflection must be the well-being of citizens irapting to climate change.
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1 ABSTRACT

The PeriSponge project is a three-year researghgbneith an implemented prototype in Feldbachmals
town in the south of Austria. PeriSponge aims tpriowe potential hydrological retention areas awoddi
capacities along transport areas through well-deesigmultifunctional and multicoded open spaces|ewh
providing water management and quality of life sols to improve climatic, ecological and social
functions for quality sustainable peri-urban ardldse analytically applied research is being evaldand
will be made transferable to other cities. At thisnt, the project is at the end of the first poojgear.

Keywords: toolbox, blue-green measures, mobilitgroppace, peri-urban, spatial planning

2 STATE OF KNOWLEDGE

Resilient urban areas need integrated planningaanftugal use of resources and land, while at #mes
time being liveable and of high urban quality (Deg& Bendiks, 2021). The idea of using resources an
land as efficiently as possible is reflected in thatext of urban sustainability, especially in #pproach of
multifunctionality (Jabareen, 2006). This applieere more to open spaces, which have to fulfil atituale

of requirements, from leisure and biodiversity toohifity and infrastructure, and which have to
accommodate an ever-greater diversity of user grdBecker, 2020) as well as climate change adaption
measures. In order for such efficient use to sutceddan planning and the design of open spacestakes

on an important moderating role between the diffesectoral plans in order to turn monofunctionad/ar
sealed infrastructure buildings, traffic areasjcasl spaces, etc. into green-blue infrastructdogsmore
quality of life and to be able to meet the overdémand for more green and open spaces (cf.
Umweltbundesamt, 2021).

The impacts of already increased water-relatedteva&ich as floods, droughts, water pollution, staaf
biodiversity and pressure on high-quality open span urban settlements, among others (Zandonelf e
2013)are intensified by the steady growth of ciiEsenberth, 2011; O'Donnel and Thorne, 2020). Beyo
the general focus on central places of the Urban2005 UN Habitat report shows not only that 6 %he
world's 5 billion population will live in urban ame by 2025, but more importantly that about 85%haf
development process will take place in the urbawehiand, widely referred to as “peri-urban”, “suan”,
“outskirt” or “urban sprawl” (Prakash et al., 2011)

These peri-urban areas, which are largely car-ddgenand lack urban infrastructure, are areashhe¢
been created by economic, social and legal frameniorrecent decades. With the growth of sealedsare
especially on the periphery - a decoupling of gpatiydrological, ecological and social needs and a
increasing socio-ecological fragmentation of opesice can be observed (Hecke, 2020).

This shows that these areas deserve more attet@onthey currently receive in general discourses o
resilience, sustainability in urban planning andige.

3 TOOLBOXES FOR THE REDESIGN OF PUBLIC SPACE

In order to facilitate a systematic redesign ofligugpace, a number of toolboxes, i.e. applicabaented
planning aids focusing on the redesign of existifngan streets, have been developed (cf. BlueGressiSt
2022). The spatial focus of these planning aidsn#&nly concentrated on central urban areas such as
inBerlin, Vienna, Hamburg, Zurich, Kassel, etc. a@entwicklung Wien, 2011; Stadt Zurich, 2019;
Umweltbundesamt, 2019).

These toolboxes were developed for the conditidn@ide urban street spaces. The parameters of wide
street spaces, such as historical, spatial localacheristics, allow a systematisation of redesigncepts.
Above all, military, hygienic and representatioqalrposes as well as the number of inhabitants were
important factors why streetscapes were signiflganidened. From the mid-19th century onwards, renti
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districts and neighbourhoods were altered to crneate streets and boulevards in the urban structuinech

are now subject of redesign measures to blue-gsrepts (cf. Degros et al., 2021). A second roohd
widening urban streets started with car-orientdganrplanning schemes in the mid-20th century. & th
search for space to implement blue-green elements climate adaption, the research project
Bluegreenstreets found that many streets in tharudiudy areas in different German cities had wider
profiles than the nationally recommended minimurdtivi This additional space offers room for action i
the transformation process to integrate blue-ghefeastructure and recreational spaces, once #fifictshift

is implemented.

Our study in small to medium sized towns in Austaad there, on the outskirts of the cities, diga the
contrary that many road widths mapped are evenowarr than nationally suggested guidelines
(OsterreichischeForschungsgeselschaftStraRe-SeMienkehr 2020) for sufficient dimensioning of road
lanes and sidewalks. The historic road network vearections for agricultural and trading purpozed
served as a national network for military operatiancase of war. For these transport only uset) spads
were implemented with minimum widths. From the isitial age onwards, different functions and trades
have settled along the historic road network. | $kecond half of the 20th century, these smalletiaadl
agriculturally driven cities saw more housing depshents and commercial areas growing along théimxis
road networks while the narrow road widths remainggricultural or green areas were converted into
sealed surfaces or parcelled out for single-fammilysing developments. With all the infrastructueated in
parallel for this purpose, such as car parks, sgaatlen settlements, agricultural land, cemeteeigs, a mix

of sealed, private and public and partly fallowdamas created. Urban sprawl as well as such pbarur
sprawl puts high pressure on environmental resgutbe developments "eat up" valuable natural aesib

the surrounding landscape (OECD 1990). Howeves, gthenomenon affects not only ecological networks,
but also publicly usable space. As the pressurefen space may not be comparable to dense cethiges,
heterogeneous character includes industries andaneotial uses with workers and employees as well as
units with apartment buildings and single familyuees which all have a certain need for public spaes

it be for recreation or socializing. On the othandi, urban and peri-urban sprawl also leads tosiitiel and
leftover spaces that are often private and sociatigerused (Mariani& Barron, 2014), This is partacly

the case along the circulation areas of peri-urfigaces (Bendiks & Degros, 2019). Urban sprawl also
reinforces the current dominant use of motorisadgport of roads (cf. Umweltbundesamt).

Therefore, peri-urban spaces are particularly edtbby a lack of quality publicly usable open sgaaerd a
lack of valorisation of the few publicly usable spa. They are also affected by heat stress cayskuide
sealed surfaces such as shopping centres andrkar(P&ROK, 2019).

These structural differences and challenges betwdgsm and peri-urban space can only be addreesad t
limited extent with the existing planning recommatidns focused on inner urban streets and makeethe
for a toolbox for the peri-urban space all the mabgious. Literature is largely lacking, althougtripurban
spaces are growing four times faster than inngrsmaces (cf. Piorr et al., 2011) and thus can raost
make a significant contribution to climate chandemation and mitigation.

4 THE PERISPONGE PROJECT — WATER, CITY, PEOPLE

The research project PeriSponge explores whichnpatestreetscapes may have to contribute to a-blue
green transformation of peri-urban areas. As publaces are rather sparse outside central areas,
infrastructures of mobility represent an importapgtial resource for the implementation of bluesgre
elements. A blue-green transformation comes aloitg multifunctional benefits when aiming to make
settlement areas more resilient for future chalbsndlue-green transformation means in the firatelto
introduce design principles for a decentralisedallagater management oriented towards sustainabkd o
water cycles. Well-designed, multifunctional andtcaded (Becker, 2020) elements for water managgme
in streets can contribute to provide rainwaterngéd@ for flood prevention, to keep rainwater faigation
and vital urban greenery, to refill groundwaterdisvand last but not least to secure climate cdrfdothose
using urban space by shading and cooling effectseet and other vegetation (evapotranspiraticsg &l
times of intensifying heat waves. The applicabibityd practicability of blue-green multifunctionadgsiigns
for peri-urban streets will be tested and evaludigdneans of a "prototype" implemented in Feldbach,
Austria.
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The choice of the implementation site of the pngietis derived from an analysis in three thematiels:
Water, City and People. The hydrological analysifinds danger spots where flood events and floags h
occurred in the past and may occur in the futuraoAg other aspects, flow paths and slope waterskea
into account and possible areas for retention vekiare identified in order to store or retain raitexs. At
the urban planning level, mobility, urban acti\gtiegreen and open spaces, amenity qualities aneldsea
surfaces are analyzed. Gaps and missing spatiakemldgical connections in the urban structure tkoca
future areas for action. The hydrological and urpmning analysis are overlaid in the next steg \acal
knowledge and show results for combined action ®eed possible locations to integrate
multicodedstreetscapes.

spatial strategy

Fig. 1: Spatial Strategy Feldbach - overlaps fadsefor action: potential project locations

The third level consists of the people, residentsiaterested parties, who are involved in theremgrocess.
This serves to create awareness, a transpareghdasicess in which wishes and suggestions are iake
account, and a resulting increase in acceptancen@ntoe population. Multicodedstreetscapes create
additional spaces for people to stay. The scartdigpapace in the peri-urban area can thus be riated
along the streetscape. Naturally cooled and shadeas can thus contribute not only to staying ad &
pleasant movement with active mobility. This typke implementation supports the needs of adjacent
residents and people moving in the peri-urban space

In the design and implementation process, severahte are offered in the project phases for further
participation in order to communicate differentigasapproaches and legal contents. After implentemia
the prototype and its effectiveness will be analysed evaluated.

From a hydrological perspective, the retention nwu the effectiveness of retardation/storage amd th
before/after effect of the microclimate will be &ated, among other things. In addition, the deg¢peghich
rainfall events can be mitigated will be determinEcbm an urban planning perspective, the appropnia
and acceptance of the new public spaces and thsigrdwill be evaluated. (Fig.2)

The project results will be used to develop trarsdfle and scalable instruments, such as a praatieated
toolbox and action guidelines for other peri-urla@as.
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Fig. 2: Participation process on project site itdBach (June 21, 2023) (c) Philipp Flachhuber jtinst of Urbanism
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5 IMPLEMENTATION SITE FELDBACH, AUSTRIA

Feldbach is the fifth largest city in Styria witB,371 inhabitants and is growing, especially ondbiskirts
(LandesstatisitkSteiermark, 2019). Pressure cambberved especially on the outskirts of the citiicl is
mainly due to the expansion of infrastructure aditb demographic change and increased immigration

Situated in a valley, Feldbach is located on as aetween south-eastern Styria and Graz and ensbadie
medium-sized and regional centre. Topographic&gldbach is bordered by elevations from the nonith a
south. The main river runs north of the old towheTeographical valley location of Feldbachfavdlosds
during heavy rainfall events, especially slope watem the elevations in the south enters the urdaa
along flow paths from the. south. The heavy rairdaknts in the summers of 2017 and 2021 in pdaticu
caused major damage to settlement areas alongy¢aens.

The long-established and the newly built streetd=@dbachhave different characteristics, but can be
described as peri-urban. Long-established perirudteeets have heterogeneous use and decliningtydens
while new peri-urban streets have strong monofonelicommercial or residential use. Both typessaen

as peripheral streetscapes that are subject &r faahsformation than urban streetscapes.

In direct comparison, the streets around the althtof Feldbach can be described with urban parasete
This is mainly reflected in the denser developmehdsed building lines and heterogeneous adjacent
functions. Likewise, some integrated cycle patliicate a more urban structure. If Feldbach is cmred

as a whole, the peripheral streets cancategorisque@-urban. However, if Feldbach is put in relatio
large cities and urban centres, the majority afetty in Feldbachcan be seen as peri-urban.

Fig. 4: Implementation site Oedter Straf3e, longidisthed street on the outskirts of the city

In the rapid development of the predominant develemt type single-family house over the urban fringe
areas in Feldbach, the creation of inner-city, fwlittional green spaces was neglected. The derveop

of blue-green infrastructures and green spacesweatly limited to aesthetic elements (as the desfghe
main square shows) or not pursued at all, as inmgtiesign of the roadside greenery on the maietstrds a
result, progressive soil sealing, the decline afroppaces and extreme precipitation events repgdtad to
hydrological problems such as flooding, but als@tdrastic increase in temperatures and changtdsin
city's microclimate (Gangl, 2020). The streets gldbach fulfil the already mentioned characterssidé
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peri-urban streets, such as the too small or mingtraet width, the high degree of sealing and litie
green and public spaces.

6 INITIAL FINDINGS FOR A PERI-URBAN TOOLBOX

For the development of a peri-urban toolbox angisdesnatic redesign of existing streets, the fitsp svas
to categorize and analyse existing street netwmghbw characteristics, usage patterns and sjpatiahtial

for transformation The findings are looked at fransystemic thinking to generate transferable kndgéde
and solutions.

The documented streets are analysed for the implatien of multicoded measures. Accordingly, ndiyon
potentials against flooding but also for naturabloty and quality of public space measures are exagn
The latter are most likely to be integrated whesinpeople flows take place. Schillerstra3e fumstias a
transition between the old town and the peri-urbpace of Feldbach. The total of 78 documentedtstige
located north and south of it. Peri-urban spacesgehas different functions, monofunctional resiidén
streets are thus excluded from the documentation.

The 78 streets were photo-documented and catedosiseording to FRC (Functional Road Class). The
number of lanes and directions of travel, numbeaidiicent pavements, bicycle lanes, vehicle par&iegs
and adjacent ground and upper floor uses were dem@n. Most of the streets are classified in tixénsi
category, that of collector streets. Most of theseets have only one lane, which can be used in bo
directions. Some of these streets have parkingsdozamotor vehicles, and rarely have pavementbaih
sides.

This category has the most roads and thereforéhealargest surface area. Most collector roads kave
small cross-sections and therefore a correspondiogl spatial potential for redesign, if trafficaimge is not
considered.

Gd__wa__.w..'[u HH 1 _ / <= 9

Fig. 5: Road documentation in Feldbach
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distribution of the road category

= central local network
= regional network

= municipality network

inner city network
= collector roads
= internal development

14

Fig. 6: distribution of the road categories in Beldh according to FRC

(1) Central local network: Supraregional connecibetween district capitals or from district calsita the
provincial capital. Connections from district cast to other employment, supply and tourism centt8s
documented streets)

(2) Regional network: Regional connections of mipalities or parts of municipalities to districtpitals.
Regional connections of municipalities or partsmeficipalities to other centres of employment, $ygmd
tourism (11 documented streets)

(3) Municipality connections: Small-scale and loaa@nnections between municipalities or parts of
municipalities.(6 documentedstreets)

(4) Inner city network: Other local connection ftinos (14 documented streets)

(5) Collector roads: Connects service roads indesgial or commercial areas to a main road (32
documented streets)

(6) Internal development: Connection to a buildihgt (2 documented streets)

street profile
green space
: sealed area Alois-Harmtodt-Weg

e, owned by the city
e, owned by the land

Fig. 7: Example of collector street: nr30 — Aloissirhtodt-Weg
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street profile

Fig. 8: Example of municipality connection: nr3©edter Stralle

6.1 Need for changes in mobility policy

The prioritisation of motorised traffic on the masr cross-sections results in a monofunctional desighe
street space. A spatial separation between actmislity, such as walking and cycling, and passivabitity,
motorised traffic such as public and individualnsport, for example, often only find space in cotre
practice where the cross-section allows for impletaon. In order to achieve an implementationtaf t
design of multicoded mobility open spaces, thedi@amation process has to be linked with the miybili
turnaround. This is the only way to defuse therimgation of motorised traffic and activate suidiot areas
for the implementation of blue-green infrastructure

6.2 Planning beyond property borders

In the development process of the demonstratiofe@ran Feldbach it became apparent that the lanite
public street space at the implementation site pér&urban street cannot fulfil sufficient retemitasks in
terms of area. In order to solve the existing heaaig problems and to achieve a large retentioaceff
planning beyond the street boundary is inevitablee limited public street space alone cannot bear t
demands of rainwater management. For the greatesstije positive effect, you need cooperation and
coordination with the adjacent neighbours. As ia temonstration project, this implies cooperatidth w
many private actors, like a large commercial emtsepwith large sealed areas, the cemetery, a g
with little green space quality, a municipal howgsitevelopment, a social facility for young peoptel a
private property owners. In the coordination precesirrent projects or wishes of different agentsnie
included in order to be able to implement a projeeyond property boarders. For the communication
process with and between the agents, the local lettm®, which in small towns is bundled directlytle
administration, must be used. From previous expeeégit can be assumed that it is similar in complgr
sized municipalities, as the administrative streeguare the same. Our role as scientists and pkanse
mainly to guide which actors need to be brouglthéotable in order to implement blue green infrastres.

In this specific case, an attempt is being madeatwsform a road, which is administered by the joros of
Styria, but is located in the municipal area ofdbelkch, which adds another administrative level tbqtires
additional effort in terms of financial coordinatiaesponsibility and approval.
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Fig. 9: planning beyond property boarders at tHdlaeh implementation site

6.3 Administrative challenges

The administration in small and medium-sized tovensften limited in terms of staff and faces aduitl
challenges due to the complex, multidisciplinarsktaand the large number of actors. Another issubait
specific data is often not captured or older dataot yet digitised, which can slow down the workqgess if
not planned for. Administrative tasks are oftendiad by only a few people in small towns. When in@ot
decisions hangon a single person, they can quikigut off by more urgent tasks, for example wheawi
rainfall events and consequent flooding occur.ha disaster phase, the importance of new projbcts t
quickly recedes into the background. The qualityhefimplemented projects is thereforenot only depeat
on the way the administration works, but also anltital implementing companies. The novelty oftthEc
of creating multicoded spaces in the peri-urbarts@and the interdisciplinary work in the scientifientext
of a research project result in new ways of worKimgthe municipality and local companies, whick & a
large extent outside their previous practice amdthas cause uncertainties about the results.

Nevertheless, an advantage of municipalities it thea administrations know the local conditions Iywehn
process orders quickly and react more flexibly tiarthe administratively complicated apparatus iof b
cities.

6.4 Thinking in strategies

In case of the pilot onOedterStral3e, the researgjeqh defined five climate adaptation strategiEisese
strategies were derived from the local conditiddsnetheless, due to the representative peri-urbanom
functions and road typologies in the project atba,strategies hint towards transferable solutfongeri-
urban streets in general:

* Road repartition to gain space for blue-green dinzalaptive elements: through traffic calming,
reduction of roadway widths according to goalstfansformation of mibility patterns, to gain green
and retention space determine

e Decoupling of public and or private parking loterad the street from the storm water channnels:
through decentralized infiltration measures on swkelieve the pressure on the canal networks

* Decoupling of buildings or ensembles along theestfeom the storm water channnels: through
decentralized infiltration measures on side taexadithe pressure on the canal networks
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* Adjustment of road slopes for emergency waterwaygeted drainage of slope water: through
modification of road profiles

* Wetlands and/or rainwater retention areas: throwgintification of suitable propably underused
adjacent spaces along the streets such as brodgfiehderused parking lots, undeveloped land,
gaps or other, preferably in public property oclvance for purchase

These strategies highlight the need to plan beywaoderty borders in often narrow peri-urban stre€lss
first strategies developed within the pilot projadll be extend through a set of micro strategi@srhore
central urban streets, that already have got soeenglements like road trees. In many cases, etisting
elements can be transformed into small elementsafolimate-adaptive road network through relatively
small interventions. These interventions coulddeetmove edgings of tree beds and create flat dejores

in order to uptake rainwater. These two approadbesmall scale and easy interventions togetheh wit
bigger transformative measures hint towards a cehgnsive goal for the blue-green adjustment of the
wholeperi-urban road network on the long run, stgmow.

6.5 Multifunctionalityand urban quality

The technical rain water solutions always needetdhought and planned along integrative goals $able
and comfortable public space. Streets and theiilllarycspaces make up a significant part of thelijoub
realm especially in peri-urban areas. The majotl@hge of climate-adapted transformation of stresgies
therefore goes beyond purely functional tasks. Ebenigh retention and infiltration areas are engjimg
facilities for water management objectives, itée@ssary to consider them in the context of thdipapace
in terms of design and to integrate social andhagistaspects. They should contribute to the dpatiality

of the place. This means applying multifunctionlanming principles. A retention basin can be desibjas a
park at the same time, a planted infiltration bad enhance the green and open space, a row oftlrees
streetscape.

7 CONCLUSION

These points are of decisive importance for a foanstion of mobility spaces in the peri-urban spakt
the same time, the turnaround in mobility policyldhe transformation of the public space in whictakes
place must be thought about and developed together transformation must be integrated in the tiolis
system and cannot be part of an individual singlet®n.

With the prototype in Feldbach, we are testing lsoh a transformation can be implemented. The groje
already shows that new constellations of actorsn@eded. The approach of thinking beyond the plots
creates an extremely local solution. Is it at agible to make these approaches transferabldo oities

or transferable at all?

How can the approaches developed be made scalsifihe®® would a project look like that envisages
transforming Feldbach's 10 most important gatewais) in terms of coordination with the province of
Styria, budget, personnel, etc.?

The current issues and requirements for the prajedtthe planned implementation show that it ig sl
to work together on approaches to solutions trabacoming increasingly relevant in the currentlehges
of spatial transformations (cf. Armengaud, Degrioal €2023).
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1 ABSTRACT

Climate change is expected to impact the habitglofi many places around the world which will desge
millions of individuals. According to the IPCC FelarAssessment Report, the Nile Delta is one of the
world’s most vulnerable areas when it comes toleea-rise, extreme weather conditions, and othetoirs
worsened by climate change, which will lead togniicant population shift. Despite the evidencettoé
population shift in Egypt there is no obvious framek or strategies for dealing with such migraticends.
Little research has been done to assess the nwhpeople that may actually be displaced and whezg

will choose to go.

So, in this paper the effect of Sea Level Rise (ShR migration as an extreme weather event will be
examined among governorates of Egypt especiallyNhe Delta zone, predicting migration pathways
between them. Secondly, the paper analyses andgaigrdestination governorates of the Nile Delteezo
spot climate havens. Finally, a map will be conellifor vulnerable areas to SLR and probable degiima
areas in Nile Delta of Egypt which can help -in iidd to the other climate factor- to navigate the
challenges of planning for future climate-migratimnplan for more sustainable, inclusive, and expé
cities for all.

Keywords: Sea Level Rise, climate migration, cliemahange, Egypt, Climate havens

2 INTRODUCTION
2.1 Climate vulnerability of Egypt
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Figure 1: Egypt, its border with Libya from westdaBioudan from south is highlighted (EGYPT THIRD NANAL
COMMUNICATION: Under the United Nations Framework Cemtion on Climate Change, March 2016)

Egypt is located in northern Africa surrounded ligyla from the west, Gaza from the east and Soudsmn f
the south, with a coastal strip extending for al®)500 kilometers, overlooking the Mediterraneaa fBethe
north, and the Red Sea in the east. The RiveraXilends from the south to the north forming the laying
Delta of the river with large cities and agricuéiuThe delta and its narrow valley are about 5.5%gypt’s
area and accommodates more than 95% of its populatid agriculture (EGYPT THIRD NATIONAL
COMMUNICATION: Under the United Nations Frameworlk@ention on Climate Change, March 2016).
As mentioned by the climate change knowledge pdegypt’s climate is dry, hot, and dominated byedes
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It has a mild winter season with rain falling alacwpstal areas, and a hot and dry summer seasgpt iE@
highly arid country and receives very little annpedcipitation (Climate change knowledge portad2D).

According to the ND-GAIN matrix which illustrateed comparative resilience of countries (Dame, n.d.)
Egypt is in the upper left quadrant which indicaadsigh vulnerability to climate change with a lvel of
readiness to face it. That make Egypt in need afdaptation plan for climate change, as well agsiments
and innovation to improve readiness Figure 2.

Vulnerabili
&

|
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|

3 4 5 6 7 8
Readiness

p 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Figure 2: The ND-GAIN Matrix illustrates the compéve resilience of Egypt, in which the verticalsaghows the score of
vulnerability to climate change and the horizomtdb shows the readiness score, source: Notre [@&bal university (Dame, n.d.).

2.2 What is expected for Egypt?

A number of climate change studies considering E¢y@YPT THIRD NATIONAL COMMUNICATION:
Under the United Nations Framework Convention oim@le Change, March 2016) (Perez, et al., 2021)
(Mohamed Arouri, may 2017) stated that mean antamperatures are increasing and expected to ircreas
by 1.64°C and 2.33°C degree by the next 50 yeagsi¢ 4). Precipitation, flooding and rainfall peofions

are uncertain, but they indicate slight reductionprecipitation for most months by mid-centurydifie 3).
This increase in temperature and reduction of pittion besides urban encroachment, pollution|edigm

of soail fertility, water and soil salinity, sand mes, soil erosion, and other indirect reasons hgath land
degradation formed the desertification phenomendggypt.

Moreover, there is uncertainty regarding the magtgtto which flood season discharge into the NileR
could be affected by climate change, but accordtinglimate change knowledge portal south, Cairo may
experience flash flooding due to sudden extremasrarariability in Nile flows is moderated by thagH
Aswan Dam. The dam has one year's worth of stogEcity, to help in handling periodic droughts,
although Egypt remains vulnerable to multiyear dids.

Observed Average Annual Precipitation of Egypt for 1901-2021
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Figure 3: Average annual precipitation of Egypt1801-2021, source (Climate change knowledge pp2@21)
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Figure 4: Projected change in distribution, meangerature, Egypt. Source (Climate change knowledglp, 2021).

On the other hand, the sea level is continuousipgiat a rate of 1.8 and 4.9 mm/year with an aye 3
mm/year, it is expected to rise between 3 and 6lthisncentury, depending upon local heat and sglini
levels of the Mediterranean (Figure 5). Risk aieake Alexandria region are: Mandara and El Tadws( of
the city), and risk areas in the Nile Delta regiwa Al Manzala Lagoon barrier, east and west oRbsetta
City, Gamil, and the Tineh plain. Finally, Incredsseverity and frequency of sandstorms and haze hav
been documented (USAID, September 2015).
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Figure 5: historical sea level for costal Egypuree (Climate change knowledge portal , 2021).

2.3 Challenges

According to the climate change knowledge portad, grimary challenges are centred around wateureso
availability, changing precipitation patterns, a@ndreasing population demands. Having high evajmorat
rate with the virtual absence of permanent surfeater over large parts of the country results itewas a
highly scarce resource. Moreover, the rising of skea level which is not only threatening the phaisic
coastline but also the costal ecosystem, can comenfreshwater aquifers affecting agriculture aatural
ecosystems, especially the densely populated Mita.dDr. Khaled Kazem in his report states thétéf sea
level rose by 0.5 m only, 67% of residents, 65.9%he industrial sector, and 75.9% of the servieestor
would be submerged. Therefore, 1.5 million persensld better be displaced, which will result in isbc
and economic repercussions in addition to secthigats (Kazem, 2021).

The UNDP added that the most vulnerable areas yptEg climate change are: agriculture, coastakzon
aqua-culture and fisheries, water resources, humaditat and settlements, and human health. Monme tha
95% of fresh water consumed in Egypt is generatgsiae its territory from the Nile River flowingribugh
nine countries and its use is controlled by inteomal agreement. Although the impact of climatarue on
the Nile basin is not clear yet, there are indaaithat we will witness a significant impact (EGYPHIRD
NATIONAL COMMUNICATION: Under the United Nations Bmework Convention on Climate Change,
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March 2016), especially the sea level rise dugstdow elevation like all world deltas (Marzouk &bA-
ElHassan, May 2014). Egypt depends mainly on thwature and the Nile is the main source of water
which will be greatly affected by climate changedaccordingly people who work in the agricultuiald.
The Nile Delta is already receding by 3-5 mm pearyd@his will lead to internal migration. On thehet
hand, East Africa and South Desert are one oftiteatened areas in Africa, and because of Egyptation

it will be a desirable land for international refigg (Mohamed Arouri, may 2017).

So, among all the challenges the sea level risagrhena will have a direct impact on the vulnerapets
in Egypt; from agriculture to coastal zones, wagsources, and specially human habitats. In aaidit the
lack of accurate data to other consequences ofitdithange on Egypt this research will focus onShe
phenomena from the climate change consequencesnitydbecause of direct inundation, but also beeaxis
the potential impact on saltwater intrusion, exeeavents, loss of biodiversity, socioeconomic aedith
implications (El Raey, El-Askary, El-Hattab, & K#da, December 2009). In particular, this researdh w
focus on the Nile Delta area from the coastal zamet is the lowest in elevation and most vulnezabl
inundation due to SLR (EGYPT THIRD NATIONAL COMMURIATION: Under the United Nations
Framework Convention on Climate Change, March 20B6¥ides it is the main agricultural land of Egypt
and hosts over one-third of the population and Indzalf of all crops, also hosts most of the indiast
activities and commercial centers, and is highlingtable to various impacts of climate change (BeR
El-Askary, El-Hattab, & Kafatos, December 2009).

3 DATA SETS AND DESCRIPTIVE ANALYSIS

To achieve the research goals, three main dataseissed to fulfil a three parts methodology teate the
final results:

First, mapping and examining the sea level riseates of the Nile delta Coastline, using SLR scesa
from different sources: The Intergovernmental pamelclimate change IPCC, the scenario of the costal
research institute CORI, the World Bank reportsgl different researches and publications.

Second, examining the push and pull effects ofséee level rise phenomena on migration internallhan
Nile Delta region to determine the movement of @igs. Data sets for migration variables is the Rxtjoun
and Housing Census of Egypt held by the Centralndgdor Mobilization and Statistics (CAPMAS) in
1996 and 2006.

Finally, generating the finale results of the vuéi#e and proposed destination zones.

4 CASE STUDY

4.1 Study area

The study area includes the Nile Delta region iyfgnd its coastline extending from Alexandriahe
west to Port Said in the east with a total lendtalmut 240 km. It extends from the seacoast imthéh to
the borders of Greater Cairo in the south, it islboed on the east by the Suez Canal region aneattern
desert extends westward to Alexandria and the WeSzhara.

The coastline has two promontories, Rosetta andi®@&amThere are three lakes connected to theldlea;
Al-Burullus, and Al- Manzalla. In addition, thereeafive harbors located on the coast: Idku fishuagbor,
New Burullus fishing harbor, Damietta commercialrbma, EI Gamil fishing harbor, and Port Said
commercial harbor.

It is the most fertile land of the country and Isostost of the agricultural productivity with higlertsity of
population. Agricultural land use accounting fo2@sf the total area of the region, followed by thtban
uses by 17.9%, then the fallow land by 6.3% ofttital area of the region. It is highly vulneralbepbtential
impacts of climate change due to its relatively lelevation (El Raey, El-Askary, El-Hattab, & Kadaf
December 2009) (Marzouk & Abo-ElHassan, May 20HJ\re 6).
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Figure 6: Egypt's elevations map, The Nile Deltthvow elevation is highlighted, source: topograptmiaps (map, n.d.).

4.2 Vulnerability Assessment

By analysing the different expected scenarios af Isgel rise, they can be summarised in two common
scenarios: first, the scenario of the Intergovemtiadepanel on climate change IPCC which assumdsstza
level will rise by only 0.5m in coming by 2050 (kig 7). Second, the scenario of the costal research
institute CORI which depended on areal surveyingsra develop the digital elevation model (DEM) for
the Nile Delta coastal zones if sea level risesty meter (Figure 8).

Mideterranean Sea
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5 o
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Figure 7:Inundation according to the IntergoverntakRanel on climate change IPCC (SLR 0.5m) (Dawod éghdned, October
2015) (Marzouk & Abo-ElHassan, May 2014), souraghar.
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Figure 8: Inundation according to the IntergoverntaePanel on climate change IPCC (SLR 1m) (Dawod &&oed, October
2015) (Marzouk & Abo-ElHassan, May 2014), souraghar.

SLR Affected population Affected cropland km2
0.5m 3800000 1800
Im 6100000 4500

Table 1: estimated population and cropland affebie8LR (Marzouk & Abo-ElHassan, May 2014).
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From examining the different Sea level Rise scesathe total number of affected population angblenad
is estimated in Table 1 (Marzouk & Abo-ElHassan, yMa014) (EGYPT THIRD NATIONAL
COMMUNICATION: Under the United Nations Framework®@/ention on Climate Change, March 2016).

The Nile Delta consists of 11 governorates: Qalgplésharbia, Monofiya, Sharkia, Port Said, Ismailia,
Dakahliea, Damietta, Kafr EI-Sheikh, El-Bohaira aldxandria (Figure 9). According to FAO organipati
Nile Delta governorates comprise about 60% of amel Icultivated with cereals, and 50% of sugar ceopbs
many other products, besides its high populatiactofding to the Central Agency for Public Mobilizat
and Statistics, Egypt's population the Nile delegion is nearly half Egypt's population (Table B).
addition, as shown in Figure 6, the lower regiofEgfpt which make it highly vulnerable to inundatidue

to sea level rise and its other consequences.
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Figure 9: Nile Delta governorates (Al-Agha, Clos&asdviolle, 2015). Figure 10: Vertical Ground Movemsmnnual Rates in
mm/year (El-Quilish, ElI-Ashquer, Dawod, El fel2Q22).

Governorates % Total population
Total Eqypt 100 102 878 749
Cairo 9.8 10 100 166
Giza 9.1 9323 196

Nile Delta governorates

Total 48.9 50318343
Sharkia 7.5 7744 815
Dakahliea 6.7 6930 797 Costal governorates
El-Bohaira 6.5 6 723 269
Qalyobia 5.9 6 024 438
Alexandria 5.3 5469 480
Gharbia 5.2 5 343 756
Monofiya 4.5 4 640 003

Kafr El-Sheikh 3.5 3645 111
Ismailia 15 1419 631
Damietta 1.5 1593 610

Port Said 0.8 783 433

Table 2: estimated population and their percentsgerce: CAPMAS Egypt.

Taking into consideration land subsidence (Figug hccording to (Dawod & Mohamed, October 2015)
(EI-Quilish, El-Ashquer, Dawod, & El feki , 2022he subsidence is maximum in Port Said and Tanta
followed by Damietta and Matrouh. By comparing thep of land subsidence and the SLR map it is
concluded that the coastal zone will be affectedneySea Level Rise in different time stages. Bylyapg

the worst scenario (SLR by 1m) and land subsidénsefound that about 19 urban agglomerations &l
affected with approximate six million residents (lauk & Abo-ElHassan, May 2014).

4.3 Migration in Egypt

There are a lot of studies related to migratiofegypt but few are examining how it is linked tonadite

change. One of them is a working paper which fothat temperature and precipitation does not affect
migration among governorates but the weather ofdéstination areas (Mohamed Arouri, may 2017). But
according to the expected climate changes in E¢ypte will be a significant impact that may cause
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migration between Egypt’'s governorates, especa@bstal and delta governorates which is the stuety af
this research.

lllustrating internal migration rates in Egypt, tl#17 census found that the Red Sea and the Sinai
governorates have the highest in-migration ratesuose of the touristic project, thus job opporiasitThe
Giza and Qaliobia governorates follow for beingmeathe Cairo governorates, while Suez has thbdsig
out-migration followed by Port Said and Cairo (secBeptember 2019). According to Table 4 the eais
migration is mainly work, followed by study and mage. However, by time when Egypt’'s governorates
witness a significant climate change consequeneeiafy sea level raise those statistics shouldffected

and the motivations of the migrants and their ab®ifor their future location will be affected.

Governuiute In-migration Out-migration Net migration
rate rate rate
Cairo 1.8 4.5 -2.7
Alexandria 12 1.5 -0.3
Port Said ] 5.8 -4.7
Suez 1.2 7.8 -6.6
Damietta 0.5 33 -2.8
Dagqahlia 0.4 04 0.0
Sharqia 0.6 0.8 -0.2
Qalioubia 35 04 31
Kafr Sheikh 0.4 0.8 -0.4
Gharbia 0.4 04 0.0
Menoufia 0.5 0.6 -0.1
Behaira 0.4 0.5 -0.1
Ismailia 1.9 0.7 SE1D
Giza 4.0 03 +3.7
Bany Swaif 0.3 0.7 -0.4
Fayoum 0.3 0.8 -0.5
Menya 0.2 0.6 -04
Asiout 0.3 0.7 -0.4
Sohag 0.3 0.7 -0.4
Qena 0.2 0.7 -0.5
Aswan 0.5 0.6 -0.1
Luxor 03 04 -0.1
Red Sea 82 0.6 +7.6
New Valley 32 04 +2.8
Matrouh 157 0.5 1.2+
North Sinai 19 1.5 0.4+
South Sinai 6.0 1.3 4.7+
Total 12 1.2

Table 3: internal migration in Egypt, source: CAPMES§ypt

. R . Urban Rural Total
Causes of Migration
Male Female Total Male Female Total Male Female Total
Work 44.0 133 282 360 10.6 213 423 126 26.6
Study 83 54 69 74 4.6 58 83 53 6.6
Marriage 166 453 313 159 5211 368 164 470 327

Divorce/Widowhood 0.5 1.7 L1 0S5 1.8 13 ] 05 1.7 1.1
Accompanying Others  24.0 293 267 27.1 228 246 246 276 262
Other 6.6 5.0 580 | s 8.1 10223 | K75, 58 6.8

Total 100 100 100 100 100 100 100 100 100
Number (in thousands) 413 439 851 109 150 260! | 1522 589 1111

Source: Population Census in 2017.

Table 4: Causes of Migration, source: CAPMAS Egypt

4.4 Migration due to Sea Level Rise

By illustrating the worst scenario of sea levegris the Nile delta and the land subsidence ofthdy area,

it is predicted that costal zones of Port Said, [@#m Kafr EI-Sheykh, and Alexandria will witheas
obvious out-migration movement due to the sea leasiske. Among these, Alexandria and Kafr el-Sheykh
have a higher population density, while Damiettd Bort Said have a lower density. On the other hahd
Daqgahliya, Al Gharbiya, Al Menoufiya, Al SharqyajdhAl Qalyoubiya are expected to withess in-mignati
due to the sea level rise to be a destination gaovate.
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In a previous study Mohamed Arouri (2017) examitteel effect of extreme weather events on migration
among governorates of Egypt. He used the gravitdahin order to draw the flow of migration between
governorates of Egypt. The Gravity model is ingpipg Newton’s law of universal gravity. It statbat any

two objects attract each other with a force thair@portional to their masses and inversely propoat to

the squared distance between them. In other wdnésmigration flow between two distinct geographic
locations is positively associated with their p@pan size, geographic area, or GDP, and negatively
associated with the distance between them. On ther dvand, Davis, Bhattachan, PaoloD’Odorico, &
Suweis (2018) used a radiation model to simulatgrations among districts of Bangladesh that were
affected differently by SLR. Both agreed that -aetfiess of the climate factor- firstly, the distarmtween
governorates negatively affects the migration flolivéhe distance between two governorates inceebgel
percent, the probability of migration happeningwssn them decreases by 0.2 percent. Secondly, gpeopl
move from governorates with low population to thasth high population. Finally, highly educated péo
tend to have better information and employment appdties and they are more likely to migrate thauw
educated people.

According to Figure 9 Al Menoufiya, and Al Qalyoyhi are the remotest in distance from the costal
governorates while Al Gharbiya, Al Shargya, andDalghaliya are less in distance; and accordinatie

2, Al Shargya and Al Daghaliya are the most popalatollowed by Al Qalyoubiya, Al Gharbiya, then Al
Menoufiya. Applying the findings of the models deised above, the five expected destination govextiesr

Al Shargya, and Al Daghaliya may witness the biggasre of migrants.

5 RESULTS AND DISCUSSION

In order to determine which of the previous goveates are the most liable for the expected mignatioe
to the predicted consequences of sea level ritigeilNile Delta of Egypt, we need first to define #tlimate
havens. According to (Marandi & Main, 2021) climdi@vens are countries or governorates or any rggion
which are ready to welcome climate migrants, theycharacterized by: climate resilience, not priansea
level rise or wildfires and prolonged heat waveshweady access to fresh water supply, high vacsaies
or abundance of affordable housing, high infrastnad capacity designed to support more residdrds t
currently live there, an expressed desire to groistory of or interest in improving adaptive capgci
through sustainability or resilience efforts. Thame several sources that provide information amatke
havens. One such source is a website named LugiteHhich provides a list of cities that are conséde
climate havens in the United States (Lucidhome) n&hother website is Climate Refugees which potesi
a map of potential climate havens in North Amedca some parts of Africa (Refugia Research Coalitio
n.d.). Unfortunately, there are no similar applimas or websites that can detect or help find dér@vens
in Egypt.

By illustrating the use of buildings in the previopossible destination governorates (Table 5% found
that Al Shargia has the highest number of buildimgsluding unoccupied buildings and under constonc
buildings, followed by Al Dakahlia and Al Qalyubiayith Al Gharbia and Al Minoufia having fewer
buildings .

Governorate No. of | Housing Work Housing & | Unoccupied Closed Under construction
buildings work

Al Shargia 1304132 862288 76333 66420 192140 30312| 44605

Al Dakahlia 1094653 763740 53502 84142 98466 11931 | 38455

Al Qalyubia 843226 507149 44198 87465 133690 10404 | 37267

Al Gharbia 806850 572927 41736 61291 71103 10680 46@9

Al Minoufia 746272 507091 30432 48483 107964 15053 | 25119

Table 5: Current use of regular buildings, sourcePGIAS Egypt.

The water supplies in those governorates wereaaatyzed (Figure 11) and it was found that Al Mifiau
and Al Gharbia have the highest number of wateiosts for pure water. followed by Al Shargia and Al
Dakahlia, and then Al Qalyubia.
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NO.OF purified water stations belonging to water companies , according to the governorates
(2020/2021)

300
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Figure 11: purified water stations, source: CAPMAJY|&.

Based on the land subsidence data of Nile Deltammvates shown in Figure 10 and the definition of
climate havens, the research concluded that thegttde Nile delta, especially Al Shargia is calesed a
climate havens and is the most reliable governavaieh is ready to host migrants due to its dempigia
and geographic characteristics.

On the other hand, this conclusion differs fromfthdings of the previous study (Marzouk & Abo-
ElHassan, May 2014) which proposed that the dweatf the expansions and mitigation in the NiletBel
have to be towards the west as shown in Figurél@@ever, this research proposes that the expaasidn
mitigation is better directed towards the eashefNile Delta, as shown in Figure 13.

In order to have the most accurate conclusion famters must be taken in the consideration. Factors
considering more consequences of climate chandedsethe sea level raise, in addition to takinthim
consideration more factors that lead migrants dtem the climate change.
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Figure 12: migration direction and mitigation ardaspired by (Marzouk & Abo-ElHassan, May 2014jguUfe 13: proposed
migration direction and mitigation areas, soureghar

6 CONCLUSION

This research focuses on assessing the vulneyatiilihe Nile Delta coast to sea level rise SLRsealby
climate change, and the subsequent migration fldvderstanding these factors is crucial for adapinte
effects of a changing climate, especially sea legel Yet many aspects of human migration in respdo
climate change remain poorly understood. The Né#dregion of Egypt with its highly populated
governorates and vulnerability to the potentialacis of SLR and inundation was examined.
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The research projects that by 2050, under varioesasios of sea level rise and its impacts, as raargjx
million people in the coastal area of the Nile Bettay be forced to migrate due to direct inundaffan
assess the relocation of these migrants and whefgetst destinations are, models from existingglitee
have been applied to determine migration flow, dweddestination of the migrants have been predicted
accordingly. In addition to evaluating those desions it is found that the most reliable destmrais the
east of the Nile Delta, especially the Al Shargaeynorate. The study also highlights the needuidher
research in understanding the complexities of humignation in response to climate change.

7 RECOMMENDATION

Further studies on the coastal zones of the Nilealzed other Deltas worldwide should cover aspsath
as groundwater salinity, infrastructure, and thieirzd resources of the coastal zone, in additiaiéo
emphasis on coastal flooding due to expected sehiise. It is also recommended that vulnerabéasir
prone to inundation in the coastal zone of the Ridta should have additional protective constarcto
prevent inundation and subsequent migration.

To be fully aware of the migration flow due to clite change more data about climate change consszgien
other than the sea level rise must be studied@bd available for researchers so that climatersgan be
spotted properly.

To prepare for the expected migration trend dudihsate change, the government must develop pslicie
and regulations that prioritise safety and equityaddition, further research could come up witplaations
or sources that would help migrants to find thdqarspot.
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1 ABSTRACT

Demographic data show that life expectancy is &sireg, due to medical developments, higher living
standards, healthier diets, etc. But longer lifpestancy also means a higher proportion of therlglde
population with various functional handicaps. Tloaaept of functionally disabled people is broad aad
include persons with disabilities, the elderly, grant women, young children and anyone who is
permanently or temporarily handicapped in some wWays paper reviews the academic research in éhe fi
of architecture in relation to the accessibilitypafblic spaces for persons with disabilities, vatfocus on
co-creation and community engagement.

For all people, independent movement and mobilitg assential. A requirement for ensuring the
independent movement of persons with disabilitiesl @heir integration into society is the physical
accessibility of urban areas and buildings. Théwniamal foundations for accessibility design haverbe
established by universal design's principles andaljnes, but they still require aesthetic valué&added.
Allowing disabled people access to public spaceeeases their visibility, which strengthens theinse of
independence and autonomy and promotes a morevpogérception of society. Persons with disabditie
are less stigmatized as a result of their inclugiasociety, and the general public and profes$soage more
aware of the need to modify environments and sesvéo that everyone can use them. Inclusion obpsers
with disabilities in society leads to destigmatizatand increased awareness among professionalthand
general public about the importance of adaptingetironment and services so that all users carthese
on equal terms.

However, more than technical solutions are requioedchieve accessibility and inclusion. Co-craatad
community involvement are essential componentsreating accessible and inclusive public places. Co-
creation is a design approach that involves endsused designers working together to jointly degelo
solutions that are tailored to their needs (Prah&&Ramaswamy, 2004). Community participation means
actively integrating people of the community in tthesign and planning processes, particularly thase

are underrepresented or marginalized, to ensutéhtia viewpoints are taken into consideration.

Architects frequently associate disability with essibility and compliance with spatial legislatidmt they
overlook the social aspect of disability and theleat value it can bring. Individuals with sensorydan
physical limitations view spaces differently, gigithem a distinct perspective on and experiench thi¢
built world. By incorporating underrepresented amarginalized people in the design process, ardbitsm
acquire a more diversified perspective on accdigitand inclusivity, leading to more effective and
meaningful design solutions.

This paper proceeds by saying that community iremmlent and co-creation are critical for developing
inclusive and accessible public spaces. To accempdiccessibility and inclusion, more than simply
technological improvements are required; a socemtal cultural shift in favour of respecting divéysand
strengthening underrepresented and marginalisgulg@@oalso required. Involving persons with disitibs

in the design and planning process may resultmoee inclusive and equitable society.

Keywaords: built environment, inclusion, urban spatisabled people, accessibility

2 INTRODUCTION

According to statistics provided by the World HeaBrganization (WHO, 2022), approximately 1.3 bitli
individuals, constituting 16% of the global popidat are estimated to experience some form of digab
Furthermore, demographic data indicate noticeabbevitp within the ageing segment of the population,
consequently leading to an increase in the numbbeindividuals with disabilities. It is important to
acknowledge that the definition of functionally alided people encompasses a wide range of indiddual
including those with disabilities, the elderly, gnant women, young children, and anyone facing peent

or temporary limitations owing to various impairngn
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The Convention on the Rights of Persons with Digads, the first international human rights treatythe
United Nations (UN) concerning the protection & tights of persons with disabilities and the pretioa of
discrimination against them, introduces a sociaspective into its definition. In contrast to thasp when
individuals with disabilities were often perceived recipients of medical treatment, the Convention
recognized them as bearers of human rights. Ashee€onvention's definition, a person with a dikghbis

»a person who has long-term physical, mental, iettlial or sensory impairments which in interactidth
various barriers may hinder their full and effeetiparticipation in society on an equal basis witecs"
(UN General Assembly, 2007). Disability is defiresl,,an evolving concept, and results from the adton
between persons with impairments and attitudinal environmental barriers that hinder their full and
effective participation in society on an equal bagith others“ (UN General Assembly, 2007).

The European Union (EU) recognizes and respectsgheof persons with disabilities to measuresueing
their independence, social and occupational integraand participation in community life, as sthte
Article 26 of the Charter of Fundamental Rightdhe European Union. In the European Action Plans200
2007 on the situation of disabled persons, the Eid ene of its three goals: ,removal of barrierdhia
environment that prevent disabled persons fromgubigir abilities* based on the principle of 'desfgr all'
(European Commission, 2005).

In Slovenia, the rights of persons with disabititi@re guaranteed by Article 14 of the Constitutibrihe
Republic of Slovenia, which guarantees equalityoteethe law and ,equal human rights and fundamental
freedoms for all, irrespective of nationality, rasex, language, religion, political or other opmi property,
birth, education, social status, disability or atlier personal circumstance®. The field of soamlusion
and equal opportunities for persons with disab#ithnd ensuring unhindered access is regulateldvera

by legal acts, such as the Equalization of Oppdiasfor Persons with Disabilities Act (ZIMI), Siat
Inclusion of Disabled Persons Act (ZSVI), Buildidgt (GZ-1), and Rules on Universal Construction and
the Use of Construction Works.

For all people, independent movement and mobilitg assential. A requirement for ensuring the
independent movement of persons with disabilitiesl @heir integration into society is the physical
accessibility of urban areas and buildings. If gpscadapted to the needs of persons with digabilitt
becomes suitable for all users. This paper aimprtwide a systematic literature review in the field
architecture and urbanism related to the paradiginmiversal design and the relationship of architee
and architects with persons with disabilities. Aubdially, the article will shed light on examplet gnod
practices regarding the involvement of disabledviddals in the planning process, mutual collaborat
and learning.

3 CONCEPTS OF ACCESSIBILITY

The concept of accessibility design and planninplied differently depending on its occurrencelifferent
periods and geographical areas, e.g. 'univers@riesnclusive design', 'design for all', 'barfece design’,
‘accessible design’, etc. All of the mentioned epite have the same common principle, which advedh&e
design of the environment and products in suchathat, to the greatest extent possible, all peopteuse

it. However, different terms describing the samsigle concept can lead to poorer awareness, slower
implementation of established concepts in practoe, deliberate omission of suitable solutions (&l et.

al, 2017, Persson et. al, 2104, Iwarsson & Stadl3p

The concept of 'barrier-free design' first emergethe United States of America (USA) in the 1980gn
the American National Standard for Accessible asdlle Buildings and Facilities was issued. The tnpe
for the development of the standard was the ratfipersons with disabilities from the Vietnam Warthe
USA. The aim was to provide an alternative to togitinal healthcare and to support independentdivi
(Persson et al., 2014).

The concept of 'universal design' has its roothénconcept of 'barrier-free design'. The Ameriaeshitect
Ronald L. Mace, in the 1970s, defined the concéphorersal design as “design that is usable bpatiple
to the greatest extent possible, without the needadlaptation or specialised design” (Mace et @91].
Mace, had been a wheelchair user since childh@od tkat the removal of the 'special needs' lalad the
most significant change brought about by the usendfersal design (Null, 2014).
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Architect Selwyn Goldsmith explored the field ofiversal design' in the United Kingdom (UK). Golddm
placed the disabled at the top of the universaigdegyramid, demonstrating a participatory approsch
design 'from the bottom up' (Goldsmith, 2000). Hasvthe first architect to introduce a system opisip
access over kerbs or ramps on the pavement tatdéeithe passage of wheelchair users (Goldsmith,
1997:214).

The term 'design for all' was defined in the 'Studkn Declaration' by the European Institute of Qasand
Disability (EIDD) as ,design for human diversitypa@al inclusion and equality. The Declaration was
adopted by EIDD members at the Annual General Mgeti Stockholm on May 9, 2004.

The term 'inclusive design' is the most commonigduterm in the UK. The British Standards Instithges
defined 'inclusive design' as: ,the design of maean products and/or services that are accedspknd
usable by, as many people as reasonably possitdegtobal basis, in a wide variety of situations &mthe
greatest extent possible without the need for gpeciaptation or specialized design” (BSI TBSI, VBE
7000-6; 2005). The definition is similar to the poses of ‘universal design' and 'design for alk,ibcludes
the phrase 'as reasonably possible'. This meahsdlagtations to achieve accessibility do not havbe
made if they are too expensive or difficult to @sa@. This phrase allows accessibility solutions toobe
implemented, which is unacceptable as it excluddisevable groups and denies them equal use ofcesrvi
and facilities.

The ISO standard defines the concept of ‘accesdddgn' as a ,design focused on principles of reditey
the standard design to persons with some typer&dipeance limitation to maximize the number of puial
customers who can readily use a product, buildingeovice” (ISO/IEC Guide 71:2014).

In Slovenia, architect Marija Vovk worked on theitoof accessibility. With her handbook “Designiagd
adapting the built environment for the benefit efgpns with disabilitie$”(Vovk, 2000), she has made an
outstanding contribution to the initiation of theopess of removing architectural barriers and ising
awareness among professionals about the probletheoinaccessibility of the built environment. The
research group, led by landscape architect AlbAgidreja, published a design manual 'Space for All',
supplemented the guidelines for designing a spaeedf built and communication barriers, suitaloed
users, with guidelines and examples of good praaiso for members of the blind and partially séght
group (Albreht et al., 2010: 27-31).

The essence of universal design is to design aard thle built environment, products, and systembowit
creating barriers and, consequently, to enableirtbieision of different groups of people in socide.
Vovkova stated that “the problems of the functibnddandicapped or people with various disabilities
integrating into the living environment are maimhanifested in the inaccessibility and uselessnéskeo
built environment; in other words, integration intweryday life, into society, is very difficult aven
impossible for these people” (Vovk, 2000). By cregitspaces that are adapted to different groupsttzand
needs of people, social integration and inclusiensaipported (Rodi, 2020). Therefore, designingapdor
different groups of people is a key element indksign process. An accessible physical environtnasita
significant impact on the accessibility of publigases for persons with disabilities, and enablelsamge in
the social environment, particularly in terms oftisty's behaviour and attitudes towards personf wit
disabilities (Butler & Bowlby, 1997). If persons twidisabilities are given access to public spatiesir
presence increases, thus strengthening their s#gniselependence and autonomy, while also fosteaing
more positive understanding of society. The indosdf persons with disabilities in society alsodedo
destigmatization and awareness among professi@rasthe general public of the need to adapt the
environment and services so that they can be usadl bsers on equal terms.

4 ENHANCING ACCESSIBILITY AND INCLUSIVE DESIGN IN ARC HITECTURE

Architects, planners and designers need to be awfatee needs and difficulties faced by persong wit
disabilities to plan and design a barrier-free thaitvironment (Vovk, 2000), and this statement fiero
unfortunately not the case. In contemporary archital practice, it has been repeatedly shown that
architects do not consider the needs of persorisdisabilities when designing architecture. Redeahows
that architects often stereotype disabled indiviglaa wheelchair users only, without considerirgyribeds

of persons with cognitive or sensory impairmentsrig & Hall, 2001; 97). Furthermore, universal dgsi

! Nadrtovanije in prilagajanje grajenega okolja v kofistkcionalno oviranim ljudem, Vovk, M., 2000.
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guidelines and examples are based on standarditedacand narrowly linked to legislation and régions
(Ahmer, 2014; Boys, 2014; Vermeersch & Heylighedil2, Kajita, 2020), which leads to a sense of oreat
limitation and an inability for designers to deyelmventive solutions. The challenge for contempora
architecture in designing spaces for persons wigahilities lies in designing buildings and built
environments that do not simply meet the requirdmer regulations. Such a design requires creative
thinking and a change in perspective, which willinnately offer progressive and thoughtful solutions
(Ahmer, 2021; Steinfeld & Maisel, 2012).

4.1 Embracing Inclusivity: The Impact of Inclusive Architecture

Inclusive design, which aims to make objects aratep accessible to a wide range of people, inagjudin
those with physical, visual, or cognitive impairrtgens a direct response to the problems of inaalequ
design practices and marginalization. While sontividuals might raise doubts about the importante o
considering the needs of perceived 'minority' geouguch as persons with disabilities, in architegtit is
crucial to recognize and address potential chaflengnd concerns that might hinder the adoption of
inclusive design solutions. One of the common corgés that designing for accessibility might coompise
the aesthetics or architectural integrity of a dinij or space. Some architects may fear that accatatimg
accessibility features could lead to a perceivag laf creativity or will impair their artistic vian. Concerns
about the cost and viability of including inclusiglesign components, particularly in pre-existingcures,
may also arise. It may appear that retrofittingeolduildings to meet accessibility standards iffecdlt and
costly task.

Furthermore, resistance may result from a lacknoieustanding or awareness of the diverse needsrsbips
with disabilities and other marginalised groupschtects and designers may not fully comprehend the
variety of challenges encountered by various usersulting in the inadvertent omission of certain
accessibility requirements (Imrie & Hall, 2001). tQated attitudes and stereotypes about disability atso
contribute to a lack of willingness to embrace uisdle design principles.

Nevertheless, it is critical to recognise that usdle solutions benefit a much larger communitynthast
those believed to be 'minority’. Designing accdesibmps and entrances not only improves mobility f
people with impairments, but also helps the eldeplrents with strollers, and anybody with tempprar
ailments or mobility issues. Similarly, featureslsas tactile walking surface markers at crossroatiich
were originally designed to assist visually impdiiadividuals, now serve as useful cues for evesyon
signalling changes in the surface and improvingegainpedestrian safety and direction.
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Figure 1: The ramps are also used by elderly peapdeelderly people on mobility scooters to malaagier to overcome the height
difference. Source: Geodetic Institute of Slovenia
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4.2 Shifting Perspectives: Designing for Inclusion

A good example of forward thinking in contemporarghitecture is the Guggenheim Museum designed by
Frank Lloyd Wright. The museum represents one effitist examples of the use of universal desigrhis
context, a ramp that runs through an entire bujldiepresents a space that is more than just a fdace
movement, an element to overcome the height diffaxe The ramp's meaning goes beyond its primary
function of communication and becomes a space dlatvs equal and unobstructed use by all people
regardless of their physical abilities.

Maison Bordeaux, designed by Rem Koolhaas for agmein a wheelchair, confirms the thesis that it is
possible to design facilities that are accessibléunctionally disabled people and at the same tffier
technologically advanced and aesthetically perstutions. Koolhaas designed the concept of a house
according to the needs of the user and outsid&dhgework of the regulations’ guidelines, which simebe
only the minimum technical requirements for the eliisions of doors, widths of corridors, ramps, &he
house consists of three volumes with different mots connected vertically by a lifting platform. €rh
lifting platform creates a spatial dynamic that @y changes and redefines the space in which ps sto
(Ahmer, 2021). The house represents an innovappeoach and an architectural achievement that mestsif

Le Corbusier's concept of the house as a 'machmwing'.

4.3 User participation and collaboration between archiects and persons with disabilities

Accessibility should not be a constraint on quaditghitectural design. As Davis and Lifchez statehitects
must actively seek out persons with disabilitiesh&p them understand their needs. However, when
designing, they should be careful not to stigmatiee client concerning possible functional impaintse
(David & Lifchez, 1987). In architectural practidhe embodied experiences of disabled people aedyra
used as an important source for planning becauweseappreciate different spatial qualities than iecks
from different perspectives in their daily inteiact with the built environment. (Vermeersch & Heyien,
2015, Heylighen & Nijs, 2011).

Studies (Vermeersch & Heylighen, 2015; Heylighemalet2013; Heylighen et al., 2016; Heylighen & d\ljj
2011; Schijlen et al. 2015) conducted by archikéeylighen and colleagues show that collaboratidwéen
architects and persons with disabilities has bepaositive experience for both parties. This stuniyea to
explore the potential of employing a disabled cttasti who would experience their own space to alvis
architectural designers on how to improve architedtsolutions. The findings of these studies sagysat
such a service could add value to architecturalgdeHowever, additional efforts should be made to
convince stakeholders of this added value, andnaltiwes for initiating innovative ideas should foether
explored (Schijlen et al. 2015). This study alsosidered the social aspects and social value ofaging a
disabled person can bring. The presence of pemsihsdisabilities in the workplace promotes awasme
and acceptance of differences within the orgarimatiwhich can have an impact on wider society.
Employing a person with disability also has a pesitmpact on the disabled person, as they arenadfi as
full members of society through employment.

Luck's study followed the work of designers who keat with persons with disabilities to create bespakd
tailored solutions to enable them to live more peteently. An important conclusion that emergemftbe
results of this study is that people will respormkipvely to designer's products (this can alsduite
architectural objects) if they are offered the apyaity to actively participate in the design prss€Luck,
2018).

A notable example of collaboration with disabledspas is a project ,Enabling multimodal mobility of
persons with various disabilities” which is led the Geodetic Institute of Slovenia and financedthusy
Ministry of Infrastructure of the Republic of Slavia. The project's main goal is to improve the ritybof
blind and partially sighted people, people withited mobility, older people, and schoolchildren whay
be at greater risk while navigating traffic. Thiancbe achieved through innovative technologieslityua
spatial data, useful information, and educatiomfiore independent and safer mobility of target gsod he
project follows the principle of "Nothing about without us” which is the motto of the European Ditity
Forum (EDF). Persons with disabilities were invalia all phases of the project, from the developnoén
the data model to fieldwork and the promotion amddfer of knowledge. Engaging with representatofes
different vulnerable groups is essential, as ivjghes insight into their needs and experiences @fing in
space. (Rener et al., 2021).
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Figure 2: Figure 2 shows the field capture trairang the sharing of previous experiences amongapeirers. Source: Geodetic
Institut of Slovenia.

However, architects Davis and Lifchez warn thatrtipgation will be unsuccessful if the architestrot
genuinely committed to the idea of consultatioridyypeople in general or by lay persons with did#s in
particular, or if the architect considers such ipgration to be a waste of time that diminishes
professionalism or compromises the aesthetic iityegf the project” (Lifchez & Davis, 1987). The gative
stance against the participation of this kind caly stem from ignorance or fear of something tisahot
close to us or is completely unknown (Butler & Bbwl 1997; 420). Furthermore, Boys (2014; 34) argues
that user participation in architectural practiseoften treated as an add-on, similar to how disahs
considered an add-on to "normal” architecture.

In the process of architectural planning, consiil@na regarding accessibility in a building areitgtly
addressed towards the end of the process. Acdagsdnd disability are equated solely to adheretwe
technical and functional requirements. Consequgatbhitects tend to neglect the considerationsahlity
as an integral part of their design activities,eptdn specific cases. Instead, they tend to relpre-existing
off-the-shelf solutions that lack creative engageméBoys, 2014). Imrie suggested that universaligie
principles should be included to achieve high as&threquirements. Accessibility elements thus bexo
part of the whole, not just an addition to architee (Imrie, 2012). Elements, such as ramps ansl dife
often seen as a functional addition to the arctute¢ which must be built to meet regulations areddevoid
of any aesthetic considerations. They are moshgfteced where they will do the least harm to thstletic
perfection of a building’s architecture, hiddennfrthe eyes of the majority.

Such practices are most often observed in histbyripeotected existing buildings, where a solutionst be
found to allow access to persons with disabilitiessuch cases, various half-solutions are usezh ag a
separate entrance for persons with disabilitiegujh the technical areas of the building away frb
main entrance. In this way, we deny the non-disc@tory principle of inclusive design, as we masdire
a group of people, hide them, and thus promotensiigation.
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Figure 3: Figure 3 shows the location of the adbésgntrance for people with reduced mobility aviiamyn the main entrance to the
building. Source: Geodetic Institute of Slovenia.

4.4 Inadequate solutions and Marginalization

As an example of contemporary architecture thas e consider accessibility in its design proceg&scan
mention the work of architect Peter Eisenman, $jpady the Memorial to the Holocaust in Berlin. &h
memorial is situated in a city block and consistsstone volumes. These volumes are placed on an
orthogonal grid intersected by pathways runningnarth—south and east—west directions. The varying
heights of the volumes created an undulating réfiaf was also reflected in the ground, forming/aadnic
topography of alternating valleys and hillocks. Idgr the design process, the minimum technical
requirements regarding pathway widths and slopaswiould enable independent wheelchair access were
not considered. Consequently, individuals usingeitteirs were deprived of the experiential aspéth®
memorial. Following criticism from the Swiss Centier the Disabled, 13 out of 130 pathways were
subsequently modified to comply with the accesgjbilegulations. The justification for not consiawey
technical requirements during design was that & @@ artistic work not bound by accessibility lé&gisn
(Fitzsimons, 2012). This raises the question oftivepersons with disabilities are not allowedppraciate
art?

4.5 The Multisensory Experience of Space

The relationship between people and space and lemplg use and experience them is fundamental to
architectural practice. Davis and Lifchez, in tH€lpen Letter to Architects', point out that “acgibsity is
more than a question of access or logistics,alss about the quality of the experience. How @®sfin a
space, how one interprets it, or even whether ameirterpret it adequately - these are all lessiifieble

but crucially important aspects of accessibilitiPayis & Lifchez, 1987). We experience space withoél

our senses. “The senses, touch and taste as walitdsand hearing, have aesthetic qualities. Tdweyot
have them alone, but rather in connection; asaotefe rather than as simple and separate eriti{@swey

in Pallasmaa, 2005). When addressing architecturality, encompassing functional characteristippeal,
suitability, and aesthetic worth, we frequenthlis¢i an unimpeded user with fully functional senasghe
primary metric of success. If we take away the tsighour user, we can no longer evaluate a certain
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architectural quality. The criteria for evaluatiaghitectural qualities change if the user is aeldteir user
(Fitzsimons, 2012).

If a person loses any of their senses, they siadly more on the remaining senses. The experiehspace,
their use, and spatial orientation varies betwa#ardnt disability groups. People without disalds first
perceive the space as a whole and then individeaients; for blind people, the process of perceiwpace

is the opposite - they first perceive individuakraknts and then form an overall picture from the
interconnected individual elements (Ahmer, 2021).

As part of their study at the University of Leuveasearchers not only investigated physical obssalout
also examined the sensory characteristics of abj@tie results of this research highlight the kag played
by sensory perception in the evaluation and expeei®f a space. Functionally impaired individualy on
their senses of smell, sight, hearing, and touassist them in understanding and navigating tlecomore
easily, and their senses also influence the wayélkperience space. Examples from this study ittistthat
the extent to which a building was experiencedcagssible depended not only on its physical adoéisi
but also on how the space was felt and experiebg¢dese individuals, who may have a unique petsfec
differing from most architects. Persons in wheedilshare more attentive to visual quality from a éw
perspective. Individuals with visual impairmentspess both acoustic and tactile qualities. Pemsdhdow
vision are able to pinpoint poor lighting conditiorindividuals with autism are strong at identifyithe
general atmosphere of spaces, providing insiglat thée legibility of a building; for example, whetha
public passageway is also experienced as publimf¥ersch & Heylighen, 2015).

5 CONCLUSION

Co-creation and community involvement are essenbahponents in establishing accessible and in@usiv
public spaces for individuals with disabilities.e@ting an accessible and useful environment faverse
group of people, such as those with impairmenta,higge challenge. Various approaches and concapts
arisen around the world in response to the acdégsibhallenge, with the common goal of improving
accessibility and ensuring inclusion for all indivals. The concept of universal design, the modl- we
known concept of accessibility, is a relatively newsncept, first appearing 60 years ago. As our
understanding of diverse abilities and user needsiruues to evolve, there is plenty of room to @olgr and
enhance the principles and practices of univeresigth. Based on the research examples provided, it
becomes evident that the experience of space feppe with disabilities is desirable but often undkied.
Despite its importance, it is not fully acknowledges an essential and valuable aspect of the ectnial
design process.

Architecture, as a direct and unavoidable mediuaries the responsibility for social relevance atays a
vital role in creating an inclusive society. Conparary architecture has, to some extent, lost taut the
holistic dimensions and emotional proportions ofividuals, irrespective of their physical abilities
limitations. Pallasmaa also concluded that ,thauimhnity of contemporary architecture and moderie<it
can result in the neglect of the body and sensgglremimbalance of our sensory system” (Pallasi2@@5).
However, it is critical to consider architecture imoisolation, but rather as part of a larger idigciplinary
framework.

With interdisciplinary cooperation, we could briagt the potential for more inclusive and succesdégign
solutions by implementing the principles of co-¢i@a and community involvement. By combining the
expertise and viewpoints of various fields, sucls@sology, psychology, and urban planning, arcist@are
able to move beyond the constraints of a purelpitectural approach and develop a deeper understand
of the holistic dimensions and emotional propodiai people. Understanding societal dynamics aed th
social effects of built environments requires stogacal insights. Psychological perspectives origleserve

to clarify the complex relationship between indivéds and the built environment around them by fogus
on the emotional and sensory components of desigran planning expertise ensures that accessilitity
inclusivity are integrated into the planning of théder built environment. Using this interdiscigity
approach, architects may create environments thaingite emotional and sensory stimulation for all
persons, going beyond simply physical accessibiRgcognising the significance of inclusive desigm
actively including specialists and persons withatilties in the design process can lead to pldéicasare
not just physically accessible but also emotionailg sensory stimulating.
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Regardless, when it comes to applying inclusivegiepractises, there may be certain restrictiond an
problems. To overcome these obstacles, a proastia¢egy is required. Cooperation among specialists
stakeholders, and the community is vital for overtw potential difficulties. It entails cultivatingn
inclusive mindset, raising awareness, and remolangers to the construction of truly inclusive qg#a on
physical, social, and psychological levels. We ngay closer to building a more inclusive society by
acknowledging and actively trying to address thaeblems.

As society continues to evolve, the importance @$ighing for diverse needs has become increasingly
evident. Architects can leverage knowledge fromtipiel disciplines to develop environments thateet
society's aspirations for a more inclusive envirentnby embracing multidisciplinary collaborationhéer
thought of architects Davis and Lifchez in a meghihway summarizes the important role of architeetin

the inclusive society we are striving for, as amtture must be socially responsible given itsafiend
inevitable nature.

“The architect as visionary must remind others #irahitecture reflects society's relationship selit that
creating an environment is a dynamic process, laatdairchitecture must express society's highesatigns
and ideals.” (Davis and Lifchez, 1987)
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1 ABSTRACT

Integrated Development Plans (IDPs) and Social L&tans (SLPs) are two crucial short and mediummter
development strategy documents guiding the devetopnof mining towns in South Africa. Besides
socioeconomic growth that mining brings to the thoemmunities’, mining towns experience mining-
related socioeconomic problems, specifically detieln upon the closure of mines. To ensure sudténa
development guarantees for mining communities, Silegequirements from mining companies as part of
licensing obligations in South Africa. On the otland, IDPs are five-year strategic action plaas South
African municipalities must produce at the onseagfolitical tenure to guide municipal developmewer

the set period. IDPs and SLPs are mutually condette advance municipal development planning.
However, with multiple agencies involved in monitgr and implementing both development plans, there
are developmental questions about integrating pteths to achieve a unity of purpose. In this agtiele
examine the case of Rustenburg Local Municipalitgted for its vast Platinum reserves and mining
globally. The study evaluates the challenges ofeaitg development through SLPs and IDPs, beginnin
with conceptualising, implementing and monitorifgede plans. Findings were sourced from primary
qualitative sources (key informant interviews) asetondary sources, including desktop reviews. The
research's findings reveal that while broader $takier consultations exist in creating IDPs, theeds not
assured for SLPs. This creates gaps in integratipimplementing both action plans. Notwithstanding
obstacle, there is substantial potential for SLfs I®Ps to collaborate on inclusive municipal depahent

in South Africa. A synergised co-creation of SLR®d dDPs at the stages of conceptualisation and
implementation by all stakeholders is vital to aB®y transparency, accountability and effective
implementation of both strategic action plans.

Keywords: Strategic Plans, IDPs, SLPs, Co-creafi@velopment Planning

2 INTRODUCTION

South Africa’s Municipalities are tasked with desy@inent planning by the constitutional and policy
frameworks (RSA, 1996; RSA, 2000). This developrabntandate revolves around providing basic service
delivery and socioeconomic empowerment. Within thiandate, municipalities must produce IDPs, a
medium termed development document projected ta Hpa five years of municipalities' elected poétic
leadership. IDPs elaborate the municipality’s depeiental blueprint "with emphasis on the municiyai
most critical development and internal transforomtheeds" (RSA, 2000: 38). In the same vein, iberat
Municipal IDPs are to align with sectoral, proviaicand national development plans — these beingtdéom
development plans while IDPs are medium termed el@gwment plans iterated by all the government fiers
South Africa include a Spatial Development Framéw@&DF) blueprint for land use management (RSA,
2013). In essence, the developmental plans prestng socioeconomic future while the SDF component
addresses the issue of land use management. Mtk#isg developmental plans requires a participation
process for significant inputs and vetting from sit@keholders these plans serve.

SLPs can be likened to Local Economic Developmeategjies for mining towns, albeit prepared by mini
companies as part of mining licencing requiremsntsby the Department of Mineral Resources anddyner
(DMRE) (RSA, 2002; CALS, 2016). It is aimed at gereration initiative of mining towns to ensureythe
do not slide into dereliction resulting from miniragtivities. The Mineral and Petroleum Resources
Development Act 28 of 2002 (MPRDA) defines the lefyamework for SLPs (RSA, 2002). SLPs come
under the mandate of addressing the mine host coitynoeeds (inclusive of labour-sending areas and
adjourning locations around mining communities etffe by mining activities); therefore, the applicatfor
mining rights must be accompanied by one. Thigidg@ssed in Human Resource Development programmes
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(inclusive of skills development plan, career pesgion plan and its implementation, mentorship ignd
implementation and internship and bursary plan #mdmplementation), Local Economic Development
(LED) Programme, labour downscaling and retrenchinpdsm, financial implementation for the SLP. As
stipulated in Regulation 42 of the MPDRA, SLPs, uppproval by the DMRE, must undergo a consultation
process with the host communities and be aligndid the Municipality’s IDPs (ibid).

According to Regulation 43 of the MPDRA, SLPs aubjsct to periodic 5-year reviews, a continuous
process until a closure certificate has been issmetbse up mining activities in the area (RSAQ20 SLPs
and IDPs are strategic planning instruments cl@itie development course of mining towns in South
Africa. This article begins with the methodologyilised for data collection and a literature review
development planning. An overview of the study ane@sentation of findings, recommendations, and
conclusion follows this.

3 OBJECTIVES

e To explore the linkage between SLPs and IDPs inicpal development planning in Rustenburg
Local Municipality.

» Toinvestigate the problems associated with imptemg SLPs in Rustenburg Local Municipality.

4 METHODOLOGY

The study adopts a qualitative approach incorpayadiocumentary reviews and key informant interviews
Documentary reviews comprised literature reviewgrapched with keyword searches on “strategic
planning”, “governance”, “development planning”,dafparticipatory planning” sourced from the Web of
Science and Google Scholar. Other sources of dauamyereviews were South African government policy
documents guiding the legal framework for municigivelopment planning in South Africa. These
documents include the 1996 Republic of South Af@eastitution, MPDRA and Municipal Systems Act of
2000. Information was also sourced from the Mumtimfrastructure Support Agent (MISA) archives,
which provided details on the alignment and impletagon of SLPs in Rustenburg Local Municipality. A
total of ten key informant interviews were conddcbetween October 2022 and April 2023. Key infortaan
were drawn from the Rustenburg Local Municipalittaf§ South Africa development stakeholders,
municipal officials, DMRE officials, and residera$ Rustenburg Local Municipality. Key informants nee
selected through the snowball sampling technique.

5 INTERPLAY BETWEEN DEVELOPMENT PLANNING AND GOVERNAN CE

Governance and development planning are closefytimined, and their interplay manifests in prodgcin
IDPs and SLPs. Development is a multidimensionalcgss to improve the overall quality of life,
encompassing economic, social, and environmenpacés (UN, 2023). Rabie (2016) defines development
as an economic and technological procedure depltyyethke the best use of the resources at hanguto s
economic growth and elevate the quality of lifecommunity residents. Governance, on the other hiand,
according to Fukuyama (2016), an established fraomnewor societal cooperation and administration
between sovereign and non-sovereign entities. dt fimmework for interaction between private andliou
actors to ensure the stability of society and palitentities (Kjaer, 2011; Cashore et al., 2021).

The relationship between governance and developmianhing comes under the nuances of ‘the good
governance campaign’- a definition coined by the-dabitat. This is defined as the quality and “asces
the necessities of urban life, including adequéigtsr, security of tenure, safe water, sanitateorclean
environment, health, education and nutrition, emplent and public safety and mobility” (UN-HABITAT,
2002: 14).

Governance and development planning involves theosmion of subtle coercive influence over people
(Rode, Terrefe and da Cruz, 2020). Although theegoawment oversees governance, it is demonstratéd tha
several governance players are in the urban sddiopbsphere. Governments are charged with piogd
services like housing, power, education, and dgwaént control, among other duties, yet these
commitments are typically not fully met (Alford a@Flynn, 2012). Okunlola (2001) highlights the dbc
government as critical to implementing governancd development planning. Asserted herein (ibid) as
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complementary to this are poverty reduction, gowemt accountability, participatory budgeting and
planning.

From the mid-twentieth century, urban planning unemt a paradigm shift with advancements for
participatory community planning rather than prefesal-led master planning. This is viewed as &obot

up developmental approach and more entrusted teramit sustainable development. According to (Clark
2013), controlling fast urban expansion is notsk the master planning idea can handle. On theagkuiale,
frameworks for human settlement planning favouredghift from "master planning"” to "strategic plangi
(Watson 2009). Its inclusion of citizen engagememass one of the justifications for adopting strategi
planning. In support of strategic planning, it l@®n said that democracy is now more deeply ingdain
society, particularly with the rise and growing ionfance of civil societies and community-based gsou
(Friedman, 1998; Amin, 2002).

Advocacy planning, closely associated with this eloplanning movement, encourages widespread
community involvement to develop plans that meet tieeds of underrepresented groups and give them
more power (Grooms and Boamah 2018). This kindarinpng encouraged chaos to bring about justice and
forced public authorities to consider neglectecnests (Berke 2002). Developmental Strategies lare t
prepared with stated goals intending to improveallalommunities' quality of life and contribute tioet
realisation of sustainable development (William®20 Essentially, development planning is devolted
the local government level, which, according to @diahandila and Asha, 2012), creates favourable
conditions for mobilising material, financial, ahdman resources. This intends to improve the dglioé
services to local communities and permits thesatilon of locally accessible resources. In posttapal
South Africa, long-term strategic city planning werabedded in the 5-year tenured Integrated Devedopm
Plans (IDPs), reviewed annually and came with ‘lieeral’ policies (Todes 2014). The allusion to
neoliberal policies in planning points to privatec®r participation in initiating and implementing
development action plans (Jessop, 2002; BrenneiThaddore, 2005). SLPs, as applicable herein, @ lo
economic action plans prepared and implemented ioyngh companies can be attributed to evidential
neoliberalism in South Africa’s mining town devetoent.

Monitoring and evaluation is a veritable tool farsaring the implementation of development plans and
urban growth management. According to the UN-HABTT@®009), most urban planning frameworks fail to
integrate monitoring and evaluation in their impémtation processes. This trend makes it difficalt t
evaluate the impact of development plans. In deexlocountries, "monitoring and evaluation of the
implementation of urban plans have become partastige in the more progressive planning departesneht
cities and regions" and vice versa in "transiticsmadl developing countries” (ibid, 2009: xvi). Denyminent
planning as a core function of local governmentesacrucial choices regarding the distributiorimited
resources to maximise the provision of health, atlon, and other services. It better understandal lo
priorities and enables accountability on resourd®cation decisions. However, monitoring the
implementation of local action plans will ensureodogovernance at the level of local government
governance.

6 PRESENTING RUSTENBURG LOCAL MUNICIPALITY

Rustenburg Local Municipality (RLM) is located imet Northwest Province of South Africa, covering234
square kilometers (RLM, 2022). The Gauteng City iRegwhich includes the metropolitan regions of
Johannesburg, Tshwane, and Ekhuruleni, is withil2®dkm radius of the municipality regarding
accessibility. The municipality is one of five maipalities comprising Bojanala District Municipalitthe
others being Kgetleng River Local Municipality, Mws Kotane Local Municipality, Madibeng Local
Municipality and Moretele Local Municipality. RLMsia part of the Bushveld Complex. Merensky, Upper
Group, Middle Group, Lower Group, and Upper Zoneh iin vanadium, are the economically significant
reefs of the western limb of the Bushveld Igneocosn@lex (DMRE, 2022). More than half of the world's
platinum-group metals (the six platinum-group metate ruthenium, rhodium, palladium, osmium, and
platinum), gold, silver, and other related minetids vanadium, chromium, and base metals (codpead,

tin, aluminium, nickel, and zinc) are found in tigeeous body (ibid).
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7 CO-CREATING DEVELOPMENT WITH THE IDP AND SLP AT RLM

The White Paper on Local Government defines IDRsn&sof the tools to achieve developmental outcomes
budgeting, performance management, stakeholdeabmytition and participatory planning (RSA, 1998).
Typically, a municipality’s IDP assesses the samonomic and environmental realities, determines th
community needs from the participatory planning &sid a developmental vision for the municipalityis
anticipated that with IDPs, municipalities would &fgle to align their financial priorities and cdrate with
provincial, national and international strategiand. The IDP is a tool for local development plagnihat
assists local municipalities in creating a thoroagia long-term plan to promote services and devedoyp
under their purview. For IDPs to be legitimate, tt@nceptualisation process must entail meaningful
engagement reflecting the needs and objectivesochl | communities. Additionally, there must be
interdepartmental cooperation and horizontal gosvece coordination to deliver adequate service.diyhir
the successful implementation of IDPs relies ontititgnalism inclusive of professionalism and
competence, especially in finance management.

The SLP is a documentary requirement by the DMREgi@anting mining rights to prospective firms.
Section 23 of the MPRDA (Act 28 of 2002) mandates preparation of an SLP as one of the mining
licencing and mining permit renewal requirementsidél the 2020 amendments of the Act, it became
mandatory for mining firms to publish approved SLRegulation, 41 of the MPRDA, gives the objectives
of the SLP as set to ensure mining firms with ngnilghts contribute to the socioeconomic developnoén
mining communities and labour-sending areas (R®A22 The patrticipation process is also includetha
making of the MPRDA, which according to Regulatiéd of the Act, mining firms, upon natification of
acceptance of mining licence application, must with80 days consult with affected persons about the
contents of the SLPs and align to the targets ef rttunicipal IDP. The participation process must be
conducted by the terms of the Environmental Impes$essment Regulations of Sections 24 (5) of the
National Environmental Management Act of 1998 (jbithis involves an advertisement for the partitima

call via written notice, among others. SLPs, onppraved by the DMRE, are lodged with the DMRE'’s
Regional Manager and subject to five-year periaggiciews, which are perpetual till a mining closure
certificate has been issued. Regulation 45 of tbierdandates a minimum of three annual meetingsdstw
the mining firm and stakeholders (mining commuuitend other affected persons) and which outcome
should be included in annual reports submittedoagptiance to the DMRE’s Regional Manager. Regutatio
46 of the Act specifies the content of SLPs andpthiglication mandate. Approved SLPs are to be phbd
within 30 days of DMRE’s approval in English ancetdominant official local language of the mining
community. This should feature on the mining comgsinwebsite, libraries, municipal and traditional
council offices and mass media advertisements/patihns.

8 CO-CREATING DEVELOPMENT WITH THE IDP AND SLP AT RLM

The IDP and SLP are strategic planning documemtarits enhancing local economic development at RLM.
The creation process of the IDP mandates partioipditom ward committee sessions to wider community
participation sessions. Mining firms as stakehadeught to be one of the participants of the IDP
consultation sessions. This would enable knowlemfiggommunity needs and familiarisation with the IDP
preparation process, thereby assisting the preparat SLPs. Conversely, mining firms are not maaddo
initiate the SLP participation process until thdifization of acceptance of application documenystioe
DMRE. The mandatory participation process in makiBgs establishes the co-creative development
protocol. However, the municipality leads the loeabnomic development process with the support and
participation of the community, civil society anther stakeholders.

9 FINDINGS

RLM, as a mining community, is listed among thetfissed Mining Communities Programme launched in
2012 (MISA, 2022). In line with this programme, MiSindertook a programme to evaluate the alignment
of SLPs with IDPs. The project was carried out leetwvMay 2019 and May 2022. The evaluation procedure
involved the review of Mine SLPs, IDP legal frametyomeetings and discussions with municipal
representatives, project site visits, compilatiand the review of status quo reports for RLM. Téert
companies were operating in the RLM, and a tot&avehty-four SLPs were noted to be operational betw
the period from 2004 and 2024. Only five SLPs &itkiis tenure; sixteen of the SLPs already expjnatiile
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three SLPs are within two years of expiration.

A total of sixty projects were listed for implemation in the examined SLPs. Findings from the eatédn

of the projects are illustrated in charts in categp of SLP-IDP alignment, Municipal awareness, and
implementation status.

Figl. Number SLP Projects Aligned to

the RLM IDP Fig 2: Municipal Awareness of the SLP projects

4r% 53% 48% 5%

= Not to Aligned to IDP IDP Aligned

= Municipality Aware Municipality Mot Aware
Fig. 1: Number of SLP projects aligend to the RLMPLDFig. 2: Municipal awareness of the SLP projestairce: MISA, 2022.

Fig 3: SLPs Project Implementation Status
T

s Mot Implemented
Implemented

Mot Sure About Implementation

Fig. 3: SLP project implementation status. SOuKESA, 2022.

It was noted that all SLP projects not aligned wite RLM IDP(s) were not implemented. In contrasbst
SLP-IDP-aligned projects were implemented excep?% (4) cases where the implementation status is
unconfirmed. Also, for the non-implemented projeoiamost cases, RLM was not aware of the existefce
such projects. However, ten such projects aradlistesSLPs with a terminal implementation date c220In
summary, we find a strong correlation between SDP-hlignment and the successful execution of SLPs.

9.1 Discussion

The public participation process was identifiechasadequately addressed by mining firms. An eistiaéd
engagement and communication channel between mifimg and core stakeholders (particularly the
municipality and community) is critical to alignirgnd implementing SLPs. Though challenging, some
mining companies participated through community tmge and communication (email exchanges) from the
mines to the municipality. In cases where publidipg@ation was observed not to be held, this wetea in

the lack of letters or proof of engagement (attewdaregister) between the mines and the munigypalit
across the three generations of iterated SLPs.

SLPs are a means to assert relevance for servizergeby traditional leaders. Traditional coundiesting
mining forms put together their infrastructure awtioeconomic needs for mines to input in the Sli¥s
asserted as a partnership between the communityttendnining industry. The DMRE is noted to be
ineffective in following up with the implementatiaf SLPs. According to a municipal official, reqteby
the municipality to resolve the adverse effectsnifing activities are largely ignored. She elucggathe
predicament by saying, “when you communicate with mine as the municipality, the mine would say
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DMRE says..™ The DMRE, operational within the national govermt'®framework, cannot follow up with
effectively monitoring SLP implementation at theniaipal level.

The RLM has, however, sought ways to mitigate timunderstanding with mines through the institutodn
the Mayoral Stakeholder Engagement Committee (MASEhis committee consists of the executive
mayor (as chairperson), Members of the Mayoral Ciitees (MMCs) and the directors. This committee
monitors the implementation of SLPs to implementdthin RLM. Though not entirely effective, this
committee can coordinate the alignment and marssyes$ arising from the interaction of mining firmgh

the community. One issue of note is fiscal opadity some mining companies. While some mining
companies will not state the amount committedgted projects, in other instances, fiscal discrejggnare
observed between the declared budgeted funds enactbhal amount committed. “For instance, the budge
will state 5km of road to be constructed at thet ©dsL0 million Rands, and then you will discovery5
million of the budgeted sum is spent. Where doedhamn 5 million Rands go? You don't know.. they ‘ton
disclose...that is a problem.There are allusions that mining companies as frigatities may be desisting
from publishing their financial allotments for SLRs protect unwarranted public access to theirnfoie
records’ * However, with the 2020 amendments to the MPRDA meoandating SLPs to be published and
legal provisions for public information access tgamisations whose activities have a public implslaning
firms as private liability holdings must declareeithSLP financial commitments. SLPs are mandated by
mining companies as a corporate social resportgibWithin this, mining firms must commit one peznt

of declared profits to Corporate Social Respongbil

Inadequacies of the participation process durimgrtfaking of SLPs breed public dissatisfaction wité
corporate efforts of mining companies. A commumigident cites the perceived preferential treatnoént
mining companies to site projects mainly in trawhtlly administered areas. In contrast, dweller¢hete
perceived preferential project areas believe theuasending areas are better tredtedanother vein, there
are cases in which mining companies do not cartyanweffective project impact assessment. In theiap
of a resident respondent he acclaims mining conggawiffer training to his community on mining
operations, which skills can only be used in thaasi However, most mining companies do not follgw u
the human resource training with employment offerg] as such, he sees such training as useldss sislt
can only be deployed in the mines.

The poor participation process, fiscal opacity, amefficient monitoring and evaluation process ace
creation challenges of integrating SLPs with IDRd anplementing SLPs in RLM. The nonstandardisation
of the community consultation process and corredpoce between the mining companies and
municipalities is another conundrum. Examined Slese noted not to have implementation plans. “The
format of this consultation and concurrence betwidenmines and municipalities and the contentshef t
SLP is currently not regulated. Most municipalitéas requested to provide a letter with a list rafgrts to

be included in the SLPs. The letter is not standaddand can be provided by either the Municipatager,
LED Manager, IDP Manager, or even a ward councifiofhis accounts for the awareness gap in the
municipality of listed SLP projects. Similarly, apwed SLP copies are not shared with municipalities
When published on the web pages of mining compaitiés well after the implementation tenure of the
SLP. Associated with the fiscal opacity of SLPs$his nonstipulation of the procurement methodologies
strategies of the approved projects. The extantitorimg and evaluation process of SLP implemeniatio
requires mining companies to submit annual regorteke DMRE. However, municipalities are not invaxdv

in the monitoring and evaluation chain, which actsudor the implementation failings of many SLP&eT
inadequacy of the IDP and SLP participation, maomtpand evaluation process of SLPs accounts fer th
ineffectual developmental co-creation the synerfyath plans was intended to achieve. This has bred
mistrust among mining town residents, municipaitiend mining companies. Associatedly, there are
unrealistic expectations from the municipalitiesl @emmunities towards mining companies to the éxén
resentment towards the efforts of mining companies.

! Interview with RLM official, February 2023.
2 . .
ibid.
® Interview with Black Business Council in the Bullhvironment official, April 2023.
* Interview with MISA official, April 2023.
® Interview with RLM resident, March 2023.
® Interview with MISA official, April 2023.
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10 RECOMMENDATION AND CONCLUSION

SLPs, though the responsibility of mining companiesst be linked to the municipal IDP with attendan
synergy in the implementation between both parfié® failure in some cases and non-appreciaticihef
successful impact of SLPs can be attributed tacthereation inadequacies between the custodiatieesé
two developmental plans. To mitigate the IDP-SLP-cmtion shortcomings, the following
recommendations are considered tangible to cothecinadequacies discovered from the findings o th
study.

Mining companies must be compelled to attend IDRigjpation sessions and be included in the IDP
steering committee in the wards of the jurisdictidroperations. SLPs, a Corporate Social Respditgibf
mining companies, requires partnerships and calialoms among the stakeholders — the municipality,
DMRE, mining companies, government departments taedcommunity (inclusive of Community-Based
Organisations, and formal and informal communigdiership). The key to the success of a good pattiper
and working relationship between the municipalitg dhe mining company is creating optimum instinél
structures to ensure that projects decided onnvéhd without the municipality are acted upon.

There is an observed gap in the chain of monitoangd implementation of SLPs. The reportage chain is
directed solely to the DMRE, a national governmdapartment. This can be corrected by devoting
monitoring and compliance checks to the municiai{preferably the district municipality at thelrheof
local compliance checks). Such a tiered monitoang evaluation arrangement devolving responsibility
from the national to local government avails acdabitity and responsibility for coordination, hango,

and delivery. The process of cocreating developrtaaugh the synergy of the IDP and SLPs should be
entrenched in partnerships intending to achievieaaesl developmental goal. As medium strategic phann
documents, coordinating the formulation and impletagon of IDPs and SLPs is vital for efficiently
allocating resources. So also, a devolved monigoend evaluation framework incorporating inclusive
participation of relevant stakeholders will ensgod governance delivery. This would be reinforbgd
institutional structures guaranteeing stakehold#lalboration with the essential character of coboeal
planning.
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1 ABSTRACT

Tourism is one of the most important sources oionat & international income in the World. One type
which has the potential to contribute to the sustisle development of local communities and alléwnaof
poverty levels is Ecotourism. Ecotourism impliesp@ansibility to the environment, resident commusiti
and a duty to respect, invest, and develop lodalias. This definition not only suggets that theheuld be

a recognition of and positive support for the covsion of natural resources, both by suppliers and
consumers, but also that there is a necessaryl shigiansion to ecotourism. The term ‘community-fehse
ecotourism’ (CBET) takes this social dimensionagstfurther. This is a planning paradigm whereldleal
community has substantial control over, and invalgat in its development and management, and a major
proportion of the benefits remain within the comiittnCBET is considered the logical link betweesw th
environment, the local community, and the tourisrdustry. It has become the newest planning process
approach in tourism development, devised to suppgorhmunity involvement, improve their living
standards and protect natural resources whicheisndin current problem resulting from the massisour
industry in Egypt. Since 2002, also the year whemteurism was internationally promoted by the Uid t
Egyptian government began to seek new strategiggpkams to actively support the participation ofdb
communities in ecotourism development initiativasEgypt’'s rich biodiversity and numerous protected
areas. However, the actual implementation of inmghcommunities in decision making is poorly acleigy
which impacted negatively on the effectiveness susdainability of these initiatives. This paperpgmses an
integrated community-based ecotourism frameworks Was done through a theoretical study of the main
principles and stratergies of community ecotourifrat have been successfully applied in developing
countries by using the Egyptian protected areassifieations which determine the applicable comryuni
participation types for effectively involving locatommunities in protected areas. Subsequently the
framework can be applied to specific destinationd aecommend action points for their development
according to each area‘'s needs and variable citamoess. Once developed, this integrated planniolgcem

be used to devise a local urban development plathbylocal government and other organisations in
protected areas to improve the physical and secialronments and to create a better understanditigeo
relationship between tourism and community.

Keywords: protected areas, framework, communityetigyment, ecotourism, urban planning

2 TOURISM DEVELOPMENT

The ongoing influx of tourists, especially eco-tsts, intensifies the connection between proteecteshs
(PAs) and ecotourism. There are two divergent aflicting schools of thought among the academics
regarding the expansion of ecotourism developmerthé PAs. On one hand, ecotourism is seen as being
compatible with PAs and is therefore crucial tdrtieecation and management (Foxlee, 2007). Theyave
recognised as one of the top ecotourism locatioffiering visitors an exclusive experience. In trespect,
ecotourism and PAs appear to be mutually reinfgrcivith PAs needing ecotourists and the reverse
(Ceballos-Lascurain, 1996). On the other hand, oggsts or conservationists typically resist the
development of tourism-related activities in thesP&Some contend that the historical compatibilify o
tourism and environmental preservation has beenigambs (Lawton, 2001; Wall & Mathieson, 2006).
Many PAs, for instance, were originally solely ¢eshwith a non-profit environmental mission in mind
however, they are now increasingly dependent onsioubased revenues, which could also degrade their
resources (Lawton, 2001). This idea, however, sairhfous because certain tourist activity typesyal

as their spatial and temporal dimensions, frequénfluence resource degradation. Therefore, it ld/doe
irrational to consider tourism as a source of emuinental degradation and to oppose its growth witho
considering the characteristics, form, and planaipgroach.

REAL CORP 2023Proceedings/Tagungsband ISBN 978-3-9504945-2-5. Editors: M. SCHRENK, V.ROPOVICH, P. ZEILE, E
18-20 September 2023 — https://www.corp.at P. ELISEI, C.BEYER, J. RYSER, H. R. KAUFMANN - Ljljana, Slovenia



Community-Based Ecotourism Principles as a Framefaricommunity Development in Protected Areas

Therefore, governments, local communities, and gmrernmental organisations have praised the promoti
of ecotourism as a strategy to encourage envirotaheanservation in relation to the developmentoofl
communities in the PAs of developing nations (Bat¢l2007). In this regard, issues related to thution

of community-based ecotourism development in aiqdar destination (like PAs), the ecotourism pliaign
approaches, community-based ecotourism stratelgiesl, attitudes towards ecotourism development, and
the dynamics between local communities, (eco)tourend PAs have been discussed below to highlight t
critical issues related to CBET development process

3 ECOTOURISM

3.1 Ecotourism definitions

Ecotourism, as an alternative tourism, involvestinig natural areas in order to learn, study, arcaut
environmentally friendly activities (Ruxandra-IrifRopescu, 2011). It's a tourism based on the nature
experience, which enables the economic and soeialdpment of local communities as well as to emsur
meaningful experience to the tourists, increashejrtawareness about sustainability issues and giiogn
sustainable tourism practices amongst them (UNBPSR It focuses primarily on experiencing and théag
about nature and their habitats, as well as ahdtural artifacts from the locality. Ecotourismetkis meant

to be a sustainable form of natural resource-bdasadsm. Even though ecotourism lacks a concrete
definition, there are many well recognised defimis that have formed a clear picture of its comecjples.
Ecotourism, in its simplest form, is a responstibdeel to relatively unaltered natural and cultiasdas that,

by building strong relationships and interactiom$ween the place and its people as well as betiween
local community and ecotourists, fosters ecologaradl cultural awareness, by enhancing the natumcl a
cultural heritage, and is based on social equity laads to the long-term well-being of the locabje.
(World Tourism Organisation UNWTO, 2002).

3.2 Ecotourism planning and development approaches

Developing ecotourism and achieving its desired¢@uis and goals requires strategy, careful planaimg
ongoing evaluation (Denman, 2001). The unregulededsm development is a market led view of tourism
that basically provides attractions, facilities aswtvices that the tourist market needs. The nailithis
development lacks long term vision and usually ltesim environmental degradation and loss of socio-
cultural integrity, even if it achieves short teraconomic benefits (Timothy, 2003). For successful
ecotourism planning projects, the host countriegehta recognise the importance and the urgent faed
sustainable urban development. In recent decadestas tourism planning paradigms have emerged avith
general aim to reduce the negative impacts of $ound improve its positive impacts. These parasligm
include: boosterism, the economic or industry-dednapproach, the physical/spatial approach, ard th
community-oriented approach. These the four recaghiraditions of tourism planning.

3.2.1 Boosterism

It's a "growth-based strategy" that relies heawitythe marketing tactics for the expansion of ®&nriThis
strategy predominated in the 1960s and the finst years of the 1970s (Wisansing, 2005), and it was
reflected in the decision of the public and priveterism organisations to spend the full allocdtadget to
draw visitors. In accordance with this method, reltresources are viewed as assets to promote dhieetn
and boost the economic benefits, and tourism is ssegood to locations since it lowers development
barriers (Getz 2008). However, this strategy diardg the consideration of the host community in the
planning process and the carrying capacity of ggaigic areas. Boosterism continues to be suppowtédd
kinds of people: politicians who think economic ampion is always advantageous and those who profit
from tourism. (Farangiz Khaledi Koure, 2022)

3.2.2 Economic oriented

The second strategy is the economic tradition duastry-oriented strategy. Tourism is seen as ausiing by
which governments may achieve their growth goadd, ¢reation, and regional development through
financial incentives, research, and marketing. T¢tustom is developed to bring in money and open
employment prospects in particular regions, and @¢entred on the economic advantages of touridns T
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strategy is a continuation of boosterism, emphagisbmmercial aims over social and environmentaison
(Robinson, 2009).

3.2.3 Physical/Spatial

The environmental movement has been particulaiticar of these two approaches since the 1980sghwhi
helped give rise to the physical/spatial approdhmvironmental issues were the main emphasis of the
physical-spatial approach. Tourism should, in thaion of proponents, be based on spatial pattdrats
minimise its detrimental effects on the environmeftiditionally, they give the social, physical, and
environmental carrying capacities particular coasation.

3.2.4 Community based

Critics only discovered the fundamental flaws iegh three strategies throughout this decade. The ma
complaint was that contributions of local commugstito tourism planning and decision-making were not
given enough consideration (Hall, 2009). The comitytivased strategy was consequently proposed. It
placed a strong emphasis on the equitable disipibaf income and the bottom-up growth of tourisrhe
involvement of local organisations in the plannprgcess was also emphasised. The dominant straiagyy
rejected in the 1980s due to its top-down methagiglevhich increased the importance of this approach
Participatory planning from the bottom up gainetbtamore acceptance. According to this strategg, th
planning and development process was facilitatetl raobilised by the central government where locally
defined goals and local development are an intqmaetl of incremental tourism planning which allofus
high levels of predictability, flexibility, and daboration.

The beneficial function of local communities shoualut be disregarded in the development of ecotouss

a service-oriented and human-centred activity. Lamammunities should be seen as more than just
consumers when it comes to ecotourism because thieirgoes beyond conceptions of production and
supply. According to Nunkoo and Ramkissoon (20tbnmunity participation gives locals the chance to
express the significance of economic, social, calftand environmental repercussions from theinpof
view. He stressed the importance of contributiohéocal communities to sustainable developmentaas
result, it is advised to view community participati as the crucial piece lacking from the effective
development of the ecotourism industry. Therefemnmunities must be included and consulted in a way
during the planning and policy-making phases tdeagha successful ecotourism development. It wsl ci
that the lack of community interaction is the prignaause of the failed growth of ecotourism in theudy
regions.

3.3 Community based ecotourism

Community based ecotourism (CBET) is a type thagiroves the capacity of rural communities to manage
tourism resources while ensuring the involvementheflocal community. CBET can support the arealloc
economy, maintain culture, protect the environmant| offer educational opportunities. It turnsadts as a
tool for reducing poverty because it might offedeatative sources of income to the neighbourhoolhrdy-
term strategy for community-based ecotourism tteegnhance local community gains, and minimise the
detrimental effects of tourism on the local popolatand its natural resources. It encourages thenamity

to take part in connected initiatives and to beined in observing and reducing negative effecedo® are

a few general traits of CBET that UNEP and UNWT®@édamphasised: (Bin Zheng, 2021)

« involving appreciation not only of nature, but atfdndigenous cultures prevailing in natural areas
as part of the visitor experience

e containing education and interpretation as pathefourist offer

« not exclusively, organised for small groups by $nsqlecialised and locally owned businesses
« minimising negative impacts on the natural andeaciltural environment

e supporting the protection of natural and culturaeba by generating economic benefits from it
e providing alternative income and employment foralomommunities; and

« increasing local and visitor awareness of consiemat
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The development of community-based tourism mustidoee methodically, starting with an examination of
the community's eligibility for participation indoism and deciding which participation method is thost
appropriate according to the local hosts and tlséirdtion circumstances.

The framework aim is to offer directions for towfisral planners, NGOs, industry participants, &RET
groups in determining which type could work for ertain community and, if it is practicable, how to
participate in the tourism business and susta@veéntually. It's a flexible approach that suggesttep-by-
step strategy with a list of actions to supportheglbase according to each participation type whithbe
discussed below.

3.3.1 Public consultation framework

The framework from the handbook is a result from skudy of different case studies and best practfe
government, NGO, industry, and community initia€BETs in ten APEC member economies namely
China, Viet Nam, the Philippines, Canada, Austrdaw Zealand, Chinese Taipei, Indonesia, Korea and
Malaysia. The framework offers two parts of nineqadures for establishing and maintaining CBET. The
aim of this paper aim is to establish an approgrimilar framework for Egypt's protected areasthwi
deeper research when it comes to the first steppgring the community for ecotourism”, specifyirg t
applicable community participation technique tohepeotectorate according to the different habitkdsal
communities, and protectorate type. The first f&teps in Section A deal with launching and grow@BET
efforts and are helpful for projects and sites Hrat starting CBET. The last five steps in SecBonvhich

are more suitable for advanced CBET projects, eduglly advancing up the value chain, and arenddd

to address the sustainability of CBET initiativé&mran Hamzah, 2009) The development of CBET is
advised in accordance with a set of action pohms are presented in a tabular form below.

educate and prepare the prepare and develop
community for tourism community organizations adopt an integrated approach  identify market demand and develop

marketing=.§tratefgy

assess community needs identify and establish ~ develop partnerships  plan and design quality product implement and monitor
and readiness for tourism leadership performance

Fig. 1: Nine steps to develop and sustain CBET (Arktamzah, 2009)

3.4 Typology of community Participation

Starting with the consultation framework “assesghngycommunity needs and preparing the community fo
tourism” highlights a very crucial issue whichl&tmain question of this research: how and whichrtigjue

to use when it comes to community participationthdligh it has been referred to by many names and
integrated into the development process in sevesajs, the participatory development concept has
frequently surfaced in international developmento® 1989). More specifically, there are differing
viewpoints on the many forms of community involverheand different experts have categorised the same
idea under the same heading but with differerggitAs a result, various categories under whictveduate
different forms of community participation existowever, it has been suggested to categorise itruhoke
broad sections in accordance with UN implicatigfarangiz Khaledi Koure, 2022)

3.4.1 Spontaneous participation

Spontaneous patrticipation is voluntary, bottom-utheut external support. It represents an ideal enofi
participation, as it mirrors a voluntary and autmoais activity on the part of people to handle tpeablems
without help from governments or other externalnages (UN 1981). This type is also referred tohe t
developmental literature as informal bottom-upmihy also represent a degree of community power in
Arnstein's ladder of citizen participation. Althduthe above terms for spontaneous participationuaes
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interchangeably to a large extent, to explain sofriaem in further detail may help to identify sowther
dimensions of this kind of participation (Faranifizaledi Koure, 2022)

B S —
o

‘Why should the community be involved in tourism? WORKSHOP 1 Identifying potential tourism activities ~ modules : 'STAGE 1: Community Organisation in Initial Phase
e e et ma St . Determine the training method (theory/ hands on) o

= d. Determine the content of modules
ACTION 2: DETERMINING THE ROLE
OF TOURISM
uri ive and lucrative source o
e

identify the available resources and

d. Proac
ACTION 2: STUDY TRIPS AND “COMMUNITY
existing resous d rank them Eigey S e. Tnnov
c. Select the top 5 10 attractions / activities to develop MUNFTY: TRAIMID £ bl
: ing li i ny
ouris

solely from the talents within the local
ity
Community Organisation As CBT Project

a. Seeking professional help without sacrificing.
community structure

IDENTITY ROLES OF CBT ORGANISATION

1. Empows
a

quality

'ACTION 3 FORMULATION OF TRAINING 5
MANUAL :

5 carried out in a systematic and

ACTIO! IT A SITUATIONAL ANALYS /s
<. Develop

1. What ¢ expect to gain from CBT?

the traini s and instructions
c. Formulate the training manual

ACTION 1: MATCHING THE PRO]
POTENTIAL MARKET SEGMENT!

wentory Matrix/ a. Determine the potential marl
b. Match product and market segme

community on the appropriate

Btk el ACTION 2: UNDERSTANDING THE CHANNELS OF
CBT projects. ) : =

DISTRIBUTION

with the tools and approaches
of the tourist experience

e e . Produc
Al X case coms prodart ACTION 3: EMBRACING ICT AS A PROMOTION L
ernmes ASA
b L her attractions in the surrounding — [[SUeey
a. Field officers stationed on site
i a. Carry out e-booking/online reservation
b. Monitoring the project EaTH : g

infrastructure, facilities, good
—

ing up software (training local youths)

intemnational level such as Intrepid Travel

ACTION 4: “PIGGY-BACK- RIDING” ON TOUR

(OPERATORS AND GROUND HANDLERS

a. Identify potential tour operators and ground handlers
b. Network with international counterparts such as

b. Oral present: trained guides Intrepid Travel .

¢ Interactive relationship between host and tourists

ACTION 5: SETTING UP AN IN HOUSE
TRAVEL AGENCY

a set avel agency
b. Nurture the spirit of entrepreneurship among youths

ACTION 6: LEVERAGING ON AWARDS
CERTIFICATION TO SHAPE THE BRANDING

Fig. 2: Nine steps action points (Amran Hamzah, 2200

3.4.2 Induced participation.

On the other end of the spectrum, induced engageisisapported, required, and formally sanctiorigds
type is the most prevalent method, present in &ldging nations, as government plays a major nole i
institutionalising participatory action in severdlthese nations. Building self-management and emijve
organisations, encouraging local leaders to tak&adership positions, and assisting civic and carmity
organisations are some of the techniques that eee used to achieve this (UN 1981).

Other names for induced involvement include fortoptdown, passive. Understanding the terminolagy f
induced participation in a broader sense may bedaidy defining those terms, which are used
interchangeably (Farangiz Khaledi Koure, 2022),

3.4.3 Coercive participation

Additionally, it is referred to as restricted pappiation and community oppressive. Eventually, éorc
community participation that lacks public suppoill prove to be counterproductive and erode comityuni
interest in participating in development activitiesen though coercive forms of participation cameatimes
be difficult to distinguish from the induced typeterms of form (UN 1981).

These three major types of community involvementhi@ development process undoubtedly represent a
wide range of community involvement. Each of thesg¢egories includes several types of community
participation, as shown in table 1. To draw a cleer between different forms of community partadion in
each broad category, nevertheless, appears toiteedpallenging, as spontaneous, coercive, andceaiu
involvement have similar scopes and meanings. Geengarticipation involves more manipulation and
tokenism than induced involvement. As a resultisitalso known as non-participation. To engage in
spontaneous participation, a community must take ipaall phases of a development project, inclgdin
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decision-making, implementation, benefit sharingl assessment. In contrast, induced participagfers
to community participation in the implementatiordadistribution of the benefits of development potge
Coercive participation, on the other hand, callls docommunity to take part only in the implemertati
process of a development project, without necdgssinaring in its advantages. In the situation @érced
involvement, a community is left with no genuinesatatives (Farangiz Khaledi Koure, 2022).

The categorazation of community participation maglde us to understand the participatory developmen
activities in a better way in the real world bytatiguishing various forms of community participatibrom
each other. Hence, this typology seems to haveribatgd to conceptual clarity of the term ‘commuynit
participation’ in the tourism literature. After hiag a clear view of the framework to establish aedelop
CBET in a destination and according to the typolo§yommunity engagement that has been mentioned,
several interpretations of community participationthe TDP are acceptable in various situationsthls
sense, community engagement in the TDP should dre @e an adaptive and flexible paradigm that esable
us to legitimise different forms of community pampation in the TDP, depending on site-specific
conditions. The public consultation framework abage by providing three different approaches to
implement the processes by reordering the phasasciordance with each technique in the diagramwbelo
The hierachy will vary from point 3 through to pbfto allow a more focused and efficient developime
when step 2 is complete and which involvement teglenworks best for the destination and communréty h
been determined.

PUBLIC CONSULTATION FRAMEWORK Al
ASSESS COMMUNITY NEEDS bl
1001 - QUESTIONNARE & AREAS STUDY ENVIRONMENTAL SOCIO CULTURAL ECONOMIC
ASKING THE RIGHT QUESTIONS S CONONDEE  COMMUNITY ECONOMIC  CONVENTIONAL ECONOMIC RANIANCUES PARTICIRATION
DETERMINING THE ROLE OF TOURISM DEVELOPMENT DEVELOPMENT DEVELOPMENT BOTTOM UP
SITUATIONAL ANALYSIS © '“"':,Sgbfé“"" ON TRAINING GROUND FOR LOCALS AS AN Amm:\gggz*gﬁmgﬁ[mnt Of TYPE A ACTIVE
s DIRECT PARTITICAPTION
EDUCATE & PREPARE THE COMMUNITY FULL MANAGERIAL RESPONSIBILITY AND ALTHORTTY TO
B e
IDENTIFYING POTENTIAL TOURISM ACTIVITIES TO BE DEVELOPED & PROMOTED SPANTANOUES PARTICIPATION
DEVELOPING LINKAGES WITH SURROUNDING TOURISM ATTRACTIONS INDUCED PARTICIPATION
IDENTIFY THE INVOLVEMENT OF COMMUNITY PARTICIPATION INDUCED PARTICIPATION TOP DOWN APPROACH
IDENTIFY TRAINING NEEDS TYPE B PASSIVE
DEVELOPING AND CONDUCTING TRAINING MODULES COERCIVE PARTICIPATION MOSTLY INDIRECT PARTITICAPTION
STUDY TRIPS
FORMULATE TRAINING MANUAL
TYPE A TYPE B TYPE C
COERCIVE PARTICIPATION
INDUCED PARTICIPATION
SPANTANOUES PARTICIPATION COERCIVE PARTICIPATION e e
3 TYPE C PASSIVE
IDENTIFY LOCAL LEADERSHIP IDENTIFY LOCAL LEADERSHIP DEVELOP PARTNERSHIPS MOSTLY INDIRECT PARTITICAPTION
SELF APPOINTED SPOKESPERSON
FOR THE COMMUNITY. VOLUNTER HIRED BY AN NGO
PREPARE & DEVELOP COMMUNITY PREPARE & DEVELOP COMMUNITY
ORGANIZATION ORGANIZATION ADOPT AN INTEGRATED APPROACH

TOURISM PRODUCT LIFECYCLE
COMMUNITY ORGANISATION IN INITIAL PHASE OF

CBT

COMMUNITY ORGANISATION AS CBT PROJECT MA-
TURES

IDENTITY ROLES OF CBT ORGANISATION :

1. EMPOWERING WOMEN AND YOUTH

2. FORMULATING A COMMON VISION BUT REALISTIC
TARGETS

3. NURTURING AN ANTI HANDOUT MENTALITY

4. ESTABLISHING A COMMUNITY FUND

PLAN AND DESIGN QUALITY PROD- PREPARE & DEVELOP COMMUNITY
5 ucTs DEVELOP PARTNERSHIPS ORGANIZATION

CBT MASTER ACTION PLAN:

1. PRODUCT DEVELOPMENT

2. DESTINATION/LEISURE MANAGEMENT

3. INTERPRETATION AND COMMUNICATION
4, SERVICE QUALITY

IDENTIFY MARKET DEMAND AND ADOPT AN INTEGRATED APPROACH IDENTIFY. MARKET.DEMAND AND
6 DEVELOP MARKETING STRATEGY DEVELOP MARKETING STRATEGY

MATCHING THE PRODUCT WITH THE POTENTIAL
MARKET SEGMENTS

UNDERSTANDING THE CHANNELS OF DISTRIBUTION
EMBRACING ICT AS A PROMOTION TOOL |
PIGGY-BACK- RIDING™ ON TOUR OPERATORS AND
GROUND HANDLERS

SETTING UP AN IN HOUSE

TRAVEL AGENCY LEVERAGING ON AWARDS
CERTIFICATION TO SHAPE THE BRANDING

IDENTIFY MARKET DEMAND AND PLAN AND DESIGN QUALITY PROD-
7ADOPT AN INTEGRATED APPROACH DEVELOP MARKETING STRATEGY ucTs

WITH €O N, St
DEVELOPMENT AND RESPONSIBLE TOURISM PROJECTS

INTEGRATION WITH OTHER ECONOMIC SECTORS

PLANAND: DESIGN QUALITY; PROD: IDENTIFY LOCAL LEADERSHIP

8 DEVELOP PARTNERSHIPS ucrTs

PARTNERSHIP WITH NGOS

PARTNERSHIP WITH UNIVERSITIES GOVERNMENT APPOINTED PROJECT
PARTNERSHIP WITH GOVERNMENT AGENCIES MANAGER

PARTNERSHIP WITH TOURISM INDUSTRY

STEPS

Fig. 3: Community based framework tailored to dpttion types (author)
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4 EGYPT'S PROTECTED AREAS

Egypt's overall land area is 92% dry desert and&¥e land, and it is located midway between édriand
Asia. 22 major habitat groups, including Meditegan Wetlands, the Nile Valley and Delta, Central an
North Sinai, Numerous kinds of vegetation and 3#femnt types of desert animals are thought to be
ecologically significant, particularly in Sinai. ¥i80 plants, 100 animals, and 82 fish, wetlandtqudarly
those near the Nile constitute a significant eciesysn addition to the deserts. Along with 26 bspkcies
and 26 reptile species, there are 51 species ofnmadsrthat are endangered.

Egypt has made the creation, proper administratiod, expansion of protected areas a top goal éves s
the country's first national biodiversity policydaaction plan were introduced in 1997. The natmre of
the first in the region, declared over 15% of @&t land area as protected land area, puttingniarkably
close to the 17% global objective thanks to itsstaitial dedication to this priority. Egypt was elib
declare 30 protected areas.Indications show thgptEsgbiodiversity is being lost at an acceleratate, with
habitat destruction, over exploitation and pollati@®/orldSummit, 2002). Based on existing trenddesm
mitigation measures are taken, in the next tenwenty years Egypt will stand to lose most of its
biodiversity. A strategy for a national system oftected areas has been developed and the managamen
these areas were bearing in mind to make use daéthmologies such as GIS and remote sensing.otiaé |
economic significance and value of these proteateds and their contribution to the national econwas
being considered particularly through the develapnoé ecotourism (WorldSummit, 2002).

4.1 Protected areas classification.

Understanding the location, culture and demograpbidhe area can help identify the potential comityu
participation types that are applicable. Assessirgglevel of involvment of the locals and stakeleodd
considering the objectives of the protceted areatindr its conservation or sustainable development o
recreation is also important. This study attemptealassify 30 protected sites in accordance witirt
various habitats, types, local cultures, geograpbgions, conservation goals and tourism nichesuin,
this categorisation will help to determine the caumnity's appropriate participation type in the potéel area
when applying the community-based ecotourism fraorkven the destination, leading to the applicatibn
more specified and suitable action points for aemsustainable successful development. (NCS, 2018)

Category Description

la Strict Nature Reserve: Protected area managed mainly for science.

Ib Wilderness Area: Protected area managed mainly for wilderness protection

1 National Park: Protected area managed mainly for ecosystem protection and
recreation

I Natural Monument: Protected area managed mainly for conservation of
specific natural features

v Habitat /Species Management Area: Protected area managed mainly for
conservation through management intervention

\ Protected Landscape/Seascape: Protected area managed mainly for
landscape/seascape conservation and recreation

\Y Managed Resource Protected Area: Protected area managed mainly for the
sustainable use of natural ecosystems

Fig. 4: IUCN protected areas classifications.

According to the international IUCN categorisatioinprotected areas, No PA in the Egyptian netwdrk o
PAs is categorised as a Strict Nature Reserve ¢Gatéa) or a Wilderness Area (Category Ib), Howeil®
PAs are designated as protected areas with susiamanagement. Within the PAs network, thereesuse

of natural resources (Category VI), which accodnts50% of all IUCN management categories. (NCS,
2018)

41.1 Successful examples

This research looked at the CBE policies of foureligping nations the Republic of Kenya, Tunisiadaa,
and India achieving successful outputs and effenggs of the development using the specific commyuni
based ecotourism indicators and particularly thenroanity participation types when it comes to each
destination circumstances and local culture. (MBUBARMELGY).

One prominent example of a successful communitgdbascotourism project in Jordan is the "Dana
Biosphere Reserve.". the community participatioprapch employed is a combination of different types
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focusing on collaborative and inclusive decisiorking and sustainable development. Here are the key
community participation types that were used:

Collaborative Decision-Making: Local communities;zNs, and governmental agencies collaborate to make
decisions about the management and developmenheobibsphere reserve. This ensures that diverse
perspectives are considered, and decisions aexctobdly formulated.

Empowerment and Ownership: The project empowesd lmmmmunities by involving them in the ownership
and management of tourism-related enterprises, ssclguesthouses and guides. This ownership gives
communities a direct stake in the success of tb®oadsm activities.

Participatory Planning: Local communities activedgrticipate in the planning process of ecotourism
initiatives. They share their ideas, aspiratiors] aoncerns, which are incorporated into the desigth
implementation of tourism activities and consemaigfforts.

Cultural Preservation and Sharing: Local commusiijday a central role in preserving and sharingr the
cultural heritage. Traditional practices, craftaddocal knowledge are incorporated into the eadtou
experiences, giving visitors an authentic culteratounter.

Sustainable Resource Management: Community membegs actively involved in the sustainable
management of natural resources. They take parhanitoring and conserving wildlife and habitats,
ensuring that tourism activities do not harm thkcdee ecosystem.

Capacity Building: The project invests in capadtyitding programs that empower local individuals to
become guides, craftsmen, and service provideis.bithlds human capital within the community.

Education and Awareness: The project focuses ocagiig both visitors and local community members
about the importance of conservation and sustagrtabkism practices.

By combining these community participation typdse Dana Biosphere Reserve project in Jordan has
managed to create a holistic approach to ecotoudswelopment that not only benefits the local
communities economically but also ensures theiivacinvolvement in conservation and cultural
preservation. This inclusive approach has contethuto the project's success in both sustainable
development and biodiversity conservation.

The selection of a suitable community participatiype for a specific ecotourism project involves a
combination of factors that consider the local eahtgoals of the project, and the needs and agpisaof
the community. Here's how they have decided omapipeopriate community participation type:

Community Assessment: The project likely startedhwan assessment of the local community's
characteristics, including their social structuragdiural practices, economic conditions, and egstevels
of engagement in conservation and tourism.

Stakeholder Engagement: The project organizerdylikegaged with a diverse range of stakeholders,
including community members, local leaders, NGG»s/egnment representatives, and experts in various
fields. This would help identify the needs, conseland aspirations of different groups.

Cultural Sensitivity: Considering the importancecaftural preservation in the Dana Biosphere Resehe
project planners would have assessed the signdfecah local traditions and how they could be indéded
into the ecotourism experience.

Environmental Considerations: The type of commupéyticipation would also be influenced by the lesfe
interaction required with the natural environmdhtthe goal is strong conservation involvement, aren
hands-on approach to resource management migldserc.

Community Readiness: The readiness of the commumigctively participate in various roles, whetlrer
managing enterprises, preserving cultural heritagengaging in sustainable practices, would imfbgethe
choice of participation type.

Local Economic Conditions: The economic conditiafighe community would play a significant role. If
there's a need for alternative livelihoods dueeddliding traditional industries, a focus on comntysowned
enterprises might be more appropriate.
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Local Skills and Expertise: The existing skills amgertise within the community would be considefeat
instance, if there are individuals with guidinglskior traditional crafts, these could form the ibaf®r
community involvement.

Alignment with Goals: The selected participatiopedyshould align with the overall goals of the pcgje
which might include environmental conservation, tadl preservation, economic development, or a
combination of these.

Flexibility: A flexible approach might be choseratfallows for multiple types of participation. Fexample,
the Dana Biosphere Reserve project combines clipueservation, sustainable resource managemedt, an
economic empowerment.

Ultimately, the selection of the community partadin type would be a result of careful consideratf
these factors, with the aim of creating a modet thest suits the local context and ensures thesgt'sj
success in both conservation and community devedopm

4.1.2 Eqgypt's protected areas classification

The following table was suggested after studyinghe&gyptian PA, classifying the 30 Egyptian
protectorates according to their various habitpesy attractions, geographic location, tourism &i¢dblCN
classification, type, and the local communitiestriiglating a deeper study of the PAs to be ablaigmasst
an applicable community participation techniquestart with the first steps of the public consudtiati
framework to apply community-based ecotourism effety in a destination. Egypt has a rich and dseer
cultures with different local cultures varying fradubians, Siwan culture, Bedouin cultures, Copitiltuce,
and fellahin cultures. Each of these cultures has bwn unique traditions, customs, and way @, li#hich
help to determine the applicability of the commurtiburism participation type. Also, according teith
category in the IUCN classifications. Bedouins atubians are suited for spontaneous or induced type
because they are more likely to be willing to ergagd conscious of the development difficultiese Do
their rigorous adherence to their culture and tras and lack of awareness about ecotourism, ¢inead,
fallhin, and saidii cultures should use either co@r or induced participation, depending on theepfactors
listed in the table below. Also, the PA categorgygl a big role in deciding the participation tyse,
different factors have to be taken into consideratvhen applying the selected technique found éntaile
below and in alliance with all the given factotse participation type is suggested.

5 CONCLUSION

This study demonstrates that, depending on thendéish characterstics and cirucmstances, community
involvement in the development process can takeynuffierent forms. Different forms of community
participation in the tourism development. howewaee hardly ever mentioned in tourism researchehutit

is suggested that one type of participation indbmunity must be accepted everywhere. This tigidi
tourism studies may be an indication that the fiedd debated the idea of a participatory appraabburism
development in isolation and with little connectimnmore general studies on community participatiaat
might produce better insights and greater matdoitythe formulation of community participation pogs in
the ecooturism development. For instance, partioigastudies on rural development, housing, iri@at
Third World development programmes, etc. suggest blefore beginning any participatory development
activity, considerations like operational, strueturand cultural limitations to community particijen
should be made. Ignoring these restrictions coetghdrdise the efficacy and efficiency of a partitipy
development strategy. This paper aims to startehrgeded conversation about community involverirent
the CBET as an adaptive categorical word. Thisamiag is based on the idea that different tourist
destinations will present different opportunitiesdadifficulties for host communities to participate the
TDP. These tourist destinations will also have aagi sociocultural, economic, and political condiicas
well as different levels and types of tourism depehent. Naturally, community involvement should wcc
in these tourist sites on many levels and in variimums. The most important finding from the analy/that
came before it is that community participationhie TDP should be viewed as a categorical termattat/s
host communities to participate in the TDP in aietgr of ways and under a variety of conditions.
Subsequently the framework can be applied on d@nd¢istin and thus recommending action points for its
development according to each area needs and Mad@bumstances. This integrated planning tool loan
used to devise a local urban development plan &g lgovernments and organisations in protecteasai@

REAL CORP 2023Proceedings/Tagungsband ISBN 978-3-9504945-2-5. Editors: M. SCHRENK, V.ROPOVICH, P. ZEILE, M
18-20 September 2023 — https://www.corp.at P. ELISEI, C.BEYER, J. RYSER, H. R. KAUFMANN - Ljljana, Slovenia



Community-Based Ecotourism Principles as a Framefaricommunity Development in Protected Areas

improve the physical and social environments amedtera better understanding of the relationshiwdestn
tourism and communities.

Protected Area :

Participation type desert

marine/

|| riverine wetland| CATEGORY 1|CATEGORY 2/CATEGORY 3|CATEGORY 4 |CATEGORY 5

1.Ras Mohamed National Park (Induced
2. Zaranik PA Spontaneous
. Ahrash PA Spontaneous

. El Omayed PA

Induced

. Elba National Park

. St. Katherine National Park

. Ashtum El Gamil PA

3
4
5.
6. Saluga and Ghazal
7
8
9.

. Lake Qarun PA

lInduced

10. Wadi El Rayan PA

Induced

11. Wadi Alagi PA

12. Wadi El Assuti PA

Induced

13. El Hassana Dome

14. Petrified Forest PA

15. Sannur Cave PA

16. Nabaq PA Spontaneous
17. Abu Galum PA Spontaneous
18. Taba PA Spontaneous

19. Lake Burullus PA

Spontaneous

20. Nile Islands PAs

21. Wadi Degla PA

22. Siwa Desert land Induced

23. White Desert Induced

24. Wadi El Gemal - Hamata Induced

25.red sea northern islands

26.elgulf el kebeer

27.el dababya Spontaneous

28.elsalum Spontaneous

29.elwahat elbahareya Spontaneous

30.mount kamel meteor Spontaneous

Protected Area : easterndesert |northwest |western desert [sinai |nile valley |delta _

1.Ras Mohamed National Park

Local Bedouin (Mazayna or the Tarabin tribespeople)

2. Zaranik PA

Local Bedouin

. Ahrash PA

Local Bedouin

. El Omayed PA

. Elba National Park

Local Bedouin

Nomads tribes

Nubian

. St. Katherine National Park

nomads with distict lifestyle

. Ashtum El Gamil PA

3,
4
5.
6. Saluga and Ghazal
7
8
9

. Lake Qarun PA

10. Wadi El Rayan PA

between portsaid & damietta

Fallahin

Arab or Bedouin

11. Wadi Alagi PA Nubian
12. Wadi El Assuti PA Saidii
13. El Hassana Dome N/A
14. Petrified Forest PA N/A
15. Sannur Cave PA Saidii

ILI

16. Nabaq PA Local Bedouin

17. Abu Galum PA Local Bedouin/Nomad tribes
18. Taba PA Local Bedouin

19. Lake Burullus PA Local fishermen / peasants
20. Nile Islands PAs N/A

21. Wadi Degla PA N/A

22. Siwa Desert land Amazighi

23. White Desert

24. Wadi El Gemal - Hamata

Arabian tribes

Ababda & bashareya local tribes

25.red sea northern islands N/A
26.elgulf el kebeer Saidii
27.el dababya Nubian
28.elsalum Nubian
29.elwahat elbahareya Amazighi
30.mount kamel meteor Nubian

Table 1: Egyptian Protected areas classification
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1 ABSTRACT

Architecture design problems are known for theigusmtial steps that address a series of several
interweaving, competing and/or aligning requirersemescribing them as open-ended, uncertain, saluti
searching processes makes them complex and ititsted design problems. One of the methods to deal
with nonlinear complex systems is that their congrag’ properties and features must not be pre-téted

and studied linearly in isolation. Instead, it gsential to consider the system as a whole, evinriéans
considering it generally and roughly, and thenwalipossible simplifications to occur from the dynami
interactions between components. Computationagdesethods that encounter distributed computatich a
artificial intelligence, such as Multi Agent Syste(MAS), showed promising abilities in addressing
complexity and uncertainty faced with architectdesign problems, as well as they proved positifecebn
expanding architecture design exploration (ADE)is®iudy has an interest in MAS capabilities iratirey
aesthetically innovative and performable architexgolutions.

Therefore, this research intends to investigateueeof MAS in Architecture in the years betweet @€
2020. It contributes with a detailed examinatiorregearch papers to orient future research inidhe 6f
MAS. Hence, the applied literature review raidesduestion of what the proved capacities of MASaard
how future research can challenge it further toewidnd develop the use of MAS in ADE and their jibss
capabilities when addressing building performarsgsh as structural, functional, and environmenthke
databases used for selecting these papers are sScfmb of Science, SAGE, Science Direct, Google
Scholar, Connected Papers, CUMINCAD, IEEXplore, ah@M Digital Library. These studies are
organized, analyzed, and compared to pinpoint kepvations in MAS’s variable usage, study its sgpli
methods, interesting results, important sourcedatd, implementation strategies, and shed the &ighthe
gaps and shortcomings to draw a perspective of MA&rchitecture. The examined studies are arranged
chronographically. Then, each paper is analyzed damskified according to the aim of the methodojogy
domain, level, scale of application (experimentatievel), model generation and optimization methods
Afterwards, a critical review is proposed.

Keywords: Computational Architecture, Design Optation , Generative, Algorithmic & Evolutionary
design, Agent based Modeling and Simulation, MAiient Systems

2 INTRODUCTION

Architecture design problems are known for theigusmtial steps that address a series of several
interweaving, competing and/or aligning objectiveghout a well-defined or specific design output
(Terzidis, 2006). In all cases these objectivelsamdy might align or conflict with one anotherethare
changed and uniquely defined in every single depigiblem based on the problem itself, the goalhef t
design, building program, constraints, client’'suiegments, surrounding context, etc. In additidveytare
open-ended, uncertain, solution searching mechawisimno clear formulation of all required infornat

and aspects any problem-solving processes would. fderefore, they are identified as complex, witke
and ill-structured problems (Rittel & Webber, 1978) elaborate further; there are several cleagcsphat
complexifies such problems. For instance, the lafcthe required definite and clear information éwery
attribute related to the problem, which challengssre the problem’s tackling processes (Suh, 2005).
Another aspect is related to creating innovativieames, which makes the expected product not spécif
and cannot be predicted. Another pivotal aspedtdbaplexifies the architecture design problemtfert is

the nonlinear interrelationship, correlation andusagion between whole system’s pattern, properties,
attributes and behvior observed on the global lewal their inter-consequences and interactionshef t
constituent elements on the local level (Bar-Ya@92). It is a phenomenon described as micro-méteate
(Wolf & Holvoet, 2005).

One of the methods to deal with such nonlinear dexpystems is that their components’ propertied an
features must not be pre-determined and studiegidiy in isolation. Instead, it is essential toetakto
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account the system as a whole, even if it meansidering it generally and roughly, and then allaggible
simplifications to occur from the dynamic interacts between components (Pantazis & Gerber, 2019).
Computational design methods that encounter diggith computation and artificial intelligence, suah
Agent based modeling and simulation (ABMS) and MAgent System (MAS), showed promising abilities
in addressing complexity and uncertainty faced witthitecture design problems (Macal & North, 2009)
(Erdine & Kallegias, 2016a), (Gerber, Pantazis, &n\y, 2017), as well as they proved positive eféact
expanding architecture design exploration (ADE){&tson & Radcliffe, 2009), (Liu, Li, Pan, & Li, 2Q),

( Zboinska , 2015), (Chang, Chien, Lin, Chen, &é#si2016), (Daemei & Safari, 2018), (Zboinska, 2019
Through the modeling of complex system in the lesetheir individual constituent, the whole systsnv’
pattern, structure and behvior can emerge witheitdoexplicitly programmed into the model (Heath &
Hill, 2010), (Macal & North, 2010). Therefore, shiesearch has an interest in the applications &S Nh
architecture. It aims at developing a collectivelenstanding of MAS capabilities between 2010 to(2a2d
suggests future research.

3 MULTI AGENT SYSTEM DEFINITION AND NOTIONS

A Multi-Agent System is a computerized system cosggb of multiple interacting collaborating agents
within an environment. These agents act autonomausl collaboratively to achieve more complex goals
that any of the agents can do by itself (Pantazisekber, 2018). Most research suggested that ier dod
deal with complexity and uncertainty faced in arettural design problems, non-conventional design
methodology must be addressed. It is effectivelpven that distributed computation and artificial
intelligence can overcome such difficulties (Bedieguwen, & Vries, 2004) (Jennings & Wooldridge,
1999). Not only, but also the given nature of tlesign problem as “ill-structured” raises the neitgsnd
ensure the provision of computational abstractfonslesign exploration and solutions optimizatiGe(ber,
Pantazis, & Wang, 2017). The applicability of atiilimited system provided by MAS described in aloglya
fashioned agents with defined goals adapting tcal Iconditions, made MAS an appropriate for sgvan
large class of real world design problems, in sevdomains such as the work of (Davide , Pilosaid#s |
Yahav, & Kalay, 2019) (Erdine & Kallegias, 2016d)afide, et al., 2016) and (Fernandes, 2013)
(Viehweider & Chakraborty, 2015) to name a few.

4 LITERATURE REVIEW APPLIED METHODOLOGY

4.1 MAS in AEC Field, Collection and Selection

There is a significant interest in the field of MA8en in the work of experimentalists in architeztin
recent years. These include researchers, unitgpractitioners such as David Jason Gerber, Achimdds,

as well as practices such as Zaha Hadid ArchieadsMorphosis Architects. Such approaches utibpais
considered a paradigm shift in architecture thiglkamd exploration for more efficient solutions, ltdraging

the complexity of a design problem. This sectiosspnts a brief representative of MAS in AEC, inytkars
between 2010-2020. The databases used for seldbisg papers are Scopus, Web of Science, SAGE,
Science Direct, Google Scholar, Connected Papdd$/ISCAD, IEEXplore, and ACM Digital Library.
These studies are organized, discussed and comiapétpoint key innovations in MAS'’s variable usag
study its applied methods, interesting results,artgnt sources of data, and shed the light on #ps @nd
shortcomings to draw a perspective of MAS in AE@elature retrieval method is undertaken as foltows
(Determine the time frame; (2010 — 2020) / Deteredirkeywords: Agent based/ agent-based modeling
(ABM)/ Agent based simulation (ABS)/ Agent basedd®ling and simulation (ABMS Multi agent system) /
The targeted Language: English/ Search in Scieriftabase Platforms: Scopus, Web of Science, SAGE
Science Direct, Google Scholar, Connected Pag@osvhsize them into papers concerned with architectu
design phase./ Select a sample to show-case aneseep MAS as a paradigmatic effect in the design
process. )

4.2 Literature Review Analysis and Interpretation

The undertaken study went through several stepst, Fhey are arranged chronographically. Thenheac
paper is analyzed, classified and discussed acmpri aim of the methodology, domain, level, scale
(application), model generation logic, optimizatimethods, refer to Figure 1, Table 1 and Section 6.
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5 ANALYTICAL STUDY AND DISCUSSION OF MAS APPLICATION IN AEC

MAS is not just a system. MAS is a concept that lsarseen in different areas and implemented osrefit
scales to solve varies problems. There are sewerdfibutions made to the applicability of MAS iIrEE
they can be classified into three domains: knowdedgpturing and recognition in drawings and sketche
simulation and performance of building designs, esithborative environments (Beetz, Leeuwen, & ¥rie
2004). The research will concentrate on the simariand performance domain.

Levels of Design Problem Complexity: The usage oASvican be seen in several precedents from
conceptual design phase, seen in the work of (Erdif16b) (Gerber, Pantazis, & Wang, 2017) (Gudu, &
2017) (Yi & Kim, 2015) to name a few, to fabricatjcfound in the work of (Baharlou & Menges, 2013)
(Gerber & Pantazis, 2016a) (Pantazis & Gerber, PQYézici & Gerber, 2016), (Smith, Danahy, & La
Rotta, 2020). These contributions can be categiriat five different levels of process complexifyhe
first level is aesthetic-driven optimization. It svfound that aesthetic is not usually a target oreasured
target however it comes in form of interesting xcitng and novel outcomes and its suitability isasured

in accordance to a targeted single performanceamgyeted multiple performances and/or fabrication
feasibility, such the work of (Pantazis & Gerbed12) and (Smith, Danahy, & La Rotta, 2020). Theose
level is single-discipline optimization for instamenvironmental performance (Sugihara, 2014),[delz6&
Gerber, 2014), (Yi & Kim, 2015), (Pantazis, Gerb&rWang, 2016), (Gerber, Pantazi, & Wang, 2017 ),
(Pantazis & Gerber, 2018), (Agirbas, 2019), Matg@aformance (Tsiliakos, 2012), Functional perfanoe
(Davide, et al., 2016), (Guon & Li, 2017), (Ghaiéar, Fallah, & Jacob, 2018), (Davide , Pilosof, Bad
Yahav, & Kalay, 2019), (Fuchs & Neumayr, 2020). Thid level is multi-discipline optimization, wher
more than one performance is targeted — such adrdBmental and Structural Performance, (Gerber,
Shiordia, Veetil, & Mahesh, 2014), (Gerber, Parga& Marcolino, 2015), (Pantazis & Gerber, 2016),
(Gerber, Pantazi, & Wang, 2017 ), (Pantazis, 20&E8Yyironmental Performance and rationalization sagh
(Baharlou & Menges, 2013), (Gerber & Pantazis, 2)16 Aesthetic and structural performance and
rationalization, seen in the work of (Smith, DanalByLa Rotta, 2020) And the Fourth level is multi-
discipline optimization and digital fabrication $uas (Pantazis & Gerber, 2014), (Schwinn, Krieg, &
Menges, 2014), (Gerber D. J., Pantazis, MarcolfioHeydarian, 2015), (Erdine, 2016b), (Gerber &
Pantazis, 2016a), (Yazici & Gerber, 2016), andrasipusly mentioned Building Systems (Wang, Yang, &
Wang, 2010), (Lee, 2010), (Joumaa, Ploix, Abral&veira, 2011), (Ramchurn, Vytelingum, Rogers, &
Jennings, 2011), (Klein, et al., 2012), (Zhao &y@&marayanan, 2011).

Design Applications Scales: Multi-Agent systems éndseen applied to design problems of varying scales
ranging from Urban design ( Lopez & Gerber, 202%) well as building envelope design, (Sugihara,2301
(Gerber, Shiordia, Veetil, & Mahesh, 2014), (Yi &K 2015), (Gerber D. J., Pantazis, Marcolino, &
Heydarian, 2015), (Gerber D. J., Pantazis, Maroglia Heydarian, 2015), (Pantazis, Gerber, & Wang,
2016), (Pantazis & Gerber, 2018) (Agirbas, 2019r{@r, Pantazis, & Wang, 2017). In addition, dtrad
element design like shading system or pavilion oolamn, seen in the work of (Tsiliakos, 2012), l{{Bdou

& Menges, 2013), (Pantazis & Gerber, 2014), (GerBbiordia, Veetil, & Mahesh, 2014), (Schwinn, Kyje

& Menges, 2014), (Gerber, Pantazis, & Marcolinol20 (Pantazis & Gerber, 2016), (Erdine & Kallegias
2016a), (Gerber & Pantazis, 2016a), (Yazici & GerB616), (Gerber, Pantazi, & Wang, 2017 ), (P&astaz
2019), (Smith, Danahy, & La Rotta, 2020). Layoomfiguration driven by users’ behavior simulatidueé,
2010), (Klein, et al., 2012), (Davide, et al., 2p1Euon & Li, 2017), (Ghaffarian, Fallah, & Jacdf18),
(Davide , Pilosof, Hadas , Yahav, & Kalay, 2019)4¢ks & Neumayr, 2020). Energy management demand
such as (Wang, Yang, & Wang, 2010), (Lee, 201@urfiha, Ploix, Abras, & Oliveira, 2011), (Ramchurn,
Vytelingum, Rogers, & Jennings, 2011), (Klein, &t 2012), and (Zhao & Suryanarayanan, 2011), to
product design (Madhusudan, 2005) , (Sugihara, 2014

MAS in terms of the Architecture Design Processollder to comprehend more the strategy and techniqu
of using MAS, it can be seen in terms of a desigclecstages. Any design cycle consists of synthesis
(modeling, generation), analysis (simulation) andl@ation (examining and searching method for an
optimal solution; optimization). In MAS, all thes¢ages are represented as agencies, combined,akd w
autonomously and collaboratively to reach spedésign goals assigned by the design team. MASean
used in generation level (modeling) in terms ofyslar agency like the work of (Yi & Kim, 2015) (Gu&

Li, 2017), and simulation (in simulating user bebay seen in the research of (Dijkstra, Timmermatas
Jessurun, 2000), (Klein, et al., 2012), (Davideglet2016), and (Davide , Pilosof, Hadas , Yal&aKalay,
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2019), for evaluation and or optimization procddsdhusudan, 2005), (Tsiliakos, 2012), (Sugihard420
(Pantazis & Gerber, 2014), ( Lépez & Gerber, 2018&chwinn, Krieg, & Menges, 2014), (Pantazis &
Gerber, 2016), (Pantazis, Gerber, & Wang, 2016i(ie & Kallegias, 2016a), (Gerber & Pantazis, 2016
and (Yazici & Gerber, 2016). Or Undertaken throughihe whole process, collaborating between agencie
from generation to evaluation and optimization, wehéehavioral design methodologies do not only
negotiate for geometry generation but also geongdneration in regard to local and global perforogan
objectives that might align or compete with onethaountil reaching to the most optimal one (Wa¥iang,

& Wang, 2010), (Joumaa, Ploix, Abras, & Oliveir@12), (Klein, et al., 2012), (Gerber, Shiordia, We&
Mahesh, 2014), (Yi & Kim, 2015), (Gerber, Panta&isWang, 2017), (Gerber, Pantazi, & Wang, 2017 ),
(Pantazis & Gerber, 2018), (Agirbas, 2019) and ({#@as, 2019).

In synthesis (generation) stage, MAS has the wbibt standalone through describing an agent-based
modeling logic like the work of (Baharlou & MengeX$)13), (Sugihara, 2014) (Pantazis & Gerber, 2014),
(Schwinn, Krieg, & Menges, 2014), (Pantazis & Gerl#16), (Davide, et al., 2016) (Pantazis, GerBer,
Wang, 2016), (Erdine & Kallegias, 2016a), (GerbeP&ntazis, 2016a), (Gerber & Pantazis, 2016b),ifvaz
& Gerber, 2016), (Gerber, Pantazi, & Wang, 201(Gyon & Li, 2017), and (Pantazis, 2019). OR it t&n
integrated with or governed by a generative apgrd¢ex; Swarm Intelligence (SI), L-System (LS), Q&lr
Automata (CA), etc.) in several forms. To exempldyl of (Tsiliakos, 2012) (Gerber, Shiordia, Vée&
Mahesh, 2014), (Agirbas, 2019) used the logic ahQJeneration stage, while ( Lopez & Gerber, 20M)

& Kim, 2015) (Gerber, Pantazis, & Marcolino, 201&jerber D. J., Pantazis, Marcolino, & Heydarian,
2015) (Gerber, Pantazis, & Wang, 2017) (PantazisG&ber, 2018) used LS. In addition, (Dijkstra,
Timmermans, & Jessurun, 2000) who used CA.

The efforts of optimization are enormous and caergmerated in two areas; MAS can integrate antagen
based searching method (hypothetically speakinmead form) or integrate heuristic searching method
Researchers who adopt MAS with an agent-basedtsegrmodel always build a framework to reach to a
better solution better than the base case, or embmaconcept, where reaching for a better soluson
stimulated to find a better one than the previone ¢a linear and in some cases exponential form), o
tackling the area where when the searching mettog $he resulted solutions are likely to be netresub-
optimal one than when the searching process staged in the work of (Madhusudan, 2005), (Lee, 2010
(Ramchurn, Vytelingum, Rogers, & Jennings, 201Tkiliakos, 2012), (Baharlou & Menges, 2013),
(Sugihara, 2014), (Pantazis & Gerber, 2014), ( kz6ge Gerber, 2014), (Erdine, 2016b), (Erdine &
Kallegias, 2016a), (Pantazis & Gerber, 2016), (®&8t Gerber, & Wang, 2016), (Gerber & Pantazis,
2016a), (Yazici & Gerber, 2016), (Ghaffarian, Fall& Jacob, 2018), and (Gerber & Pantazis, 2016D).
the area of optimization MAS uses as a rule-basedching methods written in agent’s logic of thinki
where they use a linear searching system whichyalwake a longer time than when using any other
heuristic searching method.

MAS and Heuristic Searching Methods: In the areat#grating a heuristic searching method, thertffo
are significant. To exemplify; (Klein, et al., 201@sed Markov Description Problems method, (Gerber,
Shiordia, Veetil, & Mahesh, 2014)and (Gerber, Painta Wang, 2017 ) used Multi-objective optimizatio
(Yi & Kim, 2015) used Genetic algorithm, (Guon &,12017) used Evolutionary Approach, (Wang, Yang, &
Wang, 2010) used practical swarm intelligence, @erber, Pantazis, & Wang, 2017), (Pantazis & Gerbe
2018), and (Pantazis, 2019) used hill climbing amdulated annealing. Despite these massive efiorts
utilizing a heuristic approach, researchers didahearly state how, or why they are using theseagghes
specifically. A more detailed explanation for theestion and how these heuristic approaches aggritied

is strongly needed to be provided, which challerged inspire the further research in this areaviggl
multi objectives problems has been a challengesearchers for a very long time until the first o§¢he
evolutionary algorithms (EAS). It motivates themitsypopulation-based nature of evolutionary aldonis -

to solve such multi-objective problems (Coello, laary & Van Veldhuizen, 2007). Evolutionary driven
design targets the search for the optimum solwjot(is applied after the initial level of cont¢eal design
as a search engine, where applying evolutionarigdesipports the search of broader ranges of aliegs
(Gerber & Lin, 2013).

Genetic Algorithm is one of the mostly used andcsssful investigative search methods for optimum
solutions proved by several papers such as (TdwreSakamoto, 2007) (El-Sheikh & Gerber, 2011)
(Varendorff & Hansen, 2012) (El Daly, 2014) (Elghaw/agdy, Mohamed, & Hassan, 2014) and (El-
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Maghraby, 2016). Despite its promising capabilitisgted number of papers utilized it in its seaplocess
for an optimal solution such as the work of (Yi & 2015). In this paper the researchers used pliieal
design problem, where they used MAS in the moddligic and did not appear further in the rest @& th
design process. Another attempt by (Smith, Dan&hlya Rotta, 2020) , where the researcher createzbth
combined methods in one process. Each method tackkt of the design process; topoform creates the
column geometry using evolutionary-multi agentwafie, capable of generating diverse topologicailgdes
with structural and geometric performance goverard selected by GA integration - matform an agent
based additive manufacturing tool-path able to peedgravitational material affects while adaptiaddcal
structural and geometrical data- and finally a nmaf& material physics simulation environment toudate
additive manufacturing material structurally andthetically in a high resolution. The proposed rodth
showed a successful integration between GA with MAKich inspire and challenge the research furither
this area.

Human behvior in MAS: Research has proven thatgdesy according to user needs, behavior and
preferences has a great potential to reduce enewggumption. A usual applicability of user-related
information is by informing the design process e€ils possible interactions, comfort levels, prefiees,
and occupation schedules. In addition, researchphagen that user-centered design could signifigant
increase the efficiency of any tested system. Dedpese promising potentials and efforts applyivegm is
usually harder as the designer does not necesdailg accurate information of possible occupants’
behavior. In other words, people do not necesséuritgtion according to these assumptions of occeypan
pattern or such fixed schedules. Therefore, indtea of energy demand, (Klein, et al., 2012) prssen
implements and integrates MAS encompassing Marlesistbn problems (MDPs) to model alternative
management and control of building systems and pmus. Such strategies have a great potential in
reducing energy through direct cooperation and dioation with building occupants in addition to
improving control of building systems and energsowces. However, in the area of integrating MA8 an
ABMS researchers’ attention were taken more towaetgavior of human being, believing that instead of
designing and constructing and then do post-ocaypassessment, they now design the other way around
(bottom-up method). Through using anticipated beiraef people inside the space and accordingly the
building will be created to most satisfy or provitiese users with their needs and level of connfisitie the
building, in terms of environmental, structural, functional performance. A common approach of
incorporating human-center design is by includisgris behavioral model to simulate users' movements
interactions, and responses to examine a propossiyrd (Dijkstra, Timmermans, & Jessurun, 2000),
(Davide, et al., 2016), (Davide , Pilosof, Had¥&ahav, & Kalay, 2019) or to create a design like work

of (Ghaffarian, Fallah, & Jacob, 2018) in creatingpatial arrangement informed by the users’ mowsne

Another interesting attempt seen in the work ofn{Rais, Gerber, & Wang, 2016), when incorporating
Immersive Virtual Environments (IVE) in the desipgrocess. Research has proven that participantsrperf
similarly within IVE as they do in physical envinments, and they also feel similar feelings of pnese
within such environments. To clarify the significanof such efforts, it is important first to defitkee word
performance. Performance is a widely used word wifferent perceptions in architecture. Grobman and
Neuman describe two different levels of performaf@eobman & Neuman, 2012). The first is a broad
definition, which includes three dimensions: engailj cognitive, and perceptual. The other levethis
narrow definition, which is concerned with the engail dimension disregarding the other two dimensio
The Empirical dimension can be translated into aseplanguage; therefore, it is widely used. Witile
cognitive and perceptual ones mainly rely on qoesidires and statistical measurements, making tteeth

to achieve. In the work of (Pantazis, Gerber, & §,aR016) , they incorporate the use of IVE. This
combination is very interesting where they coulglgphe broader definition of Performance by intaigrg
IVE instance evaluation of a user. By doing thisytltan integrate designer’s intuition into the desi
process to find an optimal solution technicallygweitively, and perceptually while considering user’
experience with the proposed design.

Another research by Fuchs and Neumayr (2020) airds\aeloping a cross-disciplinary system that cépab
of generating spatial environments with higher abiciteractions. The intension is to design anceffireak
out room governed by the occupants anticipated ibefand ensure increased human interaction. The
researcher applies two layers of interactionsyautons between office spaces users which arergegeny
status, affiliation, position etc. and another lesw the users and the furniture elements suchbéssta
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reception desk, coffee machine etc. Despite thisageh is valuable, it still has its limitationgra human
behvior and interactions are still hard to be melgi mapped, which always comes at the expenshkeof t
whole system accuracy.

The Architecture Problem complication and using MA%AS made the integration of structural and
environmental performance analysis to be possitimugh decomposed design process into multiple
agencies that work autonomously and collaborativEhis integration is seen in the work of (Panta&is
Gerber, 2014), (Gerber, Shiordia, Veetil, & Mahe&bhl4), (Gerber, Pantazis, & Marcolino, 2015), (6&er

& Pantazis, 2016a), (Yazici & Gerber, 2016), (Gerlbantazi, & Wang, 2017 ), and (Pantazis, 2018). A
well as the integration of material constrains &afatication requirements in the early design stageen in
the work of (Baharlou & Menges, 2013), (Pantazi$s&rber, 2014) (Gerber, Shiordia, Veetil, & Mahesh,
2014), (Schwinn, Krieg, & Menges, 2014), (Gerbeantazis, & Marcolino, 2015), (Erdine & Kallegias,
2016a), (Gerber, Pantazis, & Wang, 2017), and (&efantazi, & Wang, 2017 ). Despite these esdentia
studies paves the way to creating a system thainserned with two different performable discippan
obvious gap seen in creating a MAS system thagiates environmental and functional performancks al
together, which challenges the research furthdigaeeper in this area.

Spatial Planning, equivalent to word layout in tlesearch; multiple researchers worked in this &ieea an
evolutionary platform, refer to a review by (Catix& Celani, 2015) concerning this issue. Howeverthie
field of MAS spatial planning has been applied tiyio three different methods: a proposed plan astthte
its functional performance according to behaviousérs and then adjust it accordingly, seen inwibiex of
(Dijkstra, Timmermans, & Jessurun, 2000), (Davieleal., 2016), and (Davide , Pilosof, Hadas , Yalg&av
Kalay, 2019). A Users’ behavioral model is usedneate voids (circulation areas) and leftoversdafined
as shape solid (functional spaces) like the workGifaffarian, Fallah, & Jacob, 2018). Or MAS is dige
achieving spatial relationship and functional regurents in two and three-dimensional, seen the wbrk
(Guon & Li, 2017).

Tools of MAS: Concerning the tools to develop a Mi#&nework, most researchers develop their own tool
or toolkit. In the work of (Sugihara, 2014), tresearcher developed an open-source library on $sioce
called iGeo to help computational designers to @eptlesign possibilities in agent-based algorithiibat
is so distinctive about this paper is the detailedcription of the code and its technical asp&dtsrefore, it
is considered a valuable source of inspirationhim tealm. Though, other researchers use visugitisyi
platforms like grasshopper and then apply collafmmaby wider platform that requires coding; extdrn
software that is concerned with the collaboratietween different agents seen in the work of (Péni&az
Gerber, 2016) and (Gerber, Pantazis, & Wang, 20With their reliability on iGeo library, they prode
detailed technical description, which is also cdesd valuable source for this research. In tiea a&f
human as agents the usage of Netlogo and unitgferped, seen in the work of (Fuchs & Neumage®.
It has been noticed that utilizing MAS and ABMSuggs the designers to create their own desigrkitaol
apply it, challenging the architects further to teaseveral coding languages such as scriptinghgodi#
and Java script etc.

6 CONCLUSION AND FURTHER RESEARCH

There are various strategies in applying MAS. h b& used in any design stage, it can appearsistand
alone in the generation stage in terms of singotanultiple agent-based modeling, or simulatiorgstar
optimization stage, or its agents can be distribwtlong the process where each agent act autonmous
achieving its own local targets while collaboratwgh the other agents in the same stage or wilierot
agents from a different stage to achieve the gltvgkts, aiming for design exploration and/or mpation.

It is obvious from the matrix seen in, Figure he selected sample fall in the area where agemrtibias
highly used in generation and/ or optimization leaaming to solve single/multi design problems that
reflects system capabilities in addressing diffetevel of design complexity. On the contrary, lire tarea of
aesthetics the efforts are limited which raisesgiestion towards the importance of aestheticshamdcan
they be measured and achieved so it can be tatkither by the use of MAS and ABMS. Finally usingn
the building system and energy demand is noticestideifically in the prime usability of the ABMS @n
MAS.

Architects are now capable of dealing with complegign issues targeting several performances atine
time, where MAS is capable of integrating sevegards fall under different design stages and loadéd

—M pos REAL CORP 2023: LET IT GROW, LET US PLAN, LET IT GROW
'Qﬁig\v‘z@ Nature-based Solutions for Sustainable Resilient Smart Green and Blue Cities
P TY ) 10 R



Israa M. EI-Maghraby, Heba M. M. H. Jahin, KhaledVs El-Hagla

its own set of behaviors and targets. Thereforeiy hast capabilities are well-witnessed. To nanfeva
MAS ability in emergence which results in unexpdctiesigns. Huge solutions spaces resulted when
autonomous agents interact with one another whitdoeing design solutions. They can deal with hage
complex data set, computation and reasoning presessthey are conveniently distributed and mouteler

by using agents as the main module units. Diffeeg@nts with varies roles for different practicpexds
acting naturally. Dealing with different level obmplexity, varies stages of design, different lewél
complexity and languages, different tasks (genmghtievaluating/ criticizing/ optimizing/ analyzing)
different parts of computational system.

It is also noticeable that agents can come in e fof mimicking human behavior, others acting like a
building element and/or becoming as defined maaipus that when connected together they can form a
building skin or column or a shading system. It gaomote the achievement of several scenariosdn th
space; multiple users, multiple functions, usingdtiple sensors to control automation system etc.

In addition, integration of Environmental and sttwal design problems can be solved in holistitifas. In
addition to merging fabrication constraints whilesgning and using fabrication constraints as aésig
drivers. This also reflected that MAS usage seentsmate a global-related concern, which is climd@nge
iIssue, where researcher’s intent to design in detenvironmental performance and/or when the gg®ec
integrates rationalization techniques to ensureeriatsuitability and constructability and reduogected
waste in material. Going for complex design outceraesthetically with performable solutions provied t
system vast capabilities in handling several desgnmes without simplifying the design outcome &akdng
it to a more holistic approach in terms of fabii@atrendered the complex forms feasible for comsion.
However, the selected building types and desigblpros are still simplified, where most of papeickia
from two to three design objectives at maximum,chihétill does not reflect a highly complex desigsuie
like designing for a huge shopping mall, hospitls, where the objectives with equal importancedase
dramatically.
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Figure 1: A Matrix Briefing the Applied Study (by thor).

In the area of integrating heuristic searching méthrelying only on agent-based searching methdihtb

the optimal solution running to what this reseaodiled a linear searching process require extensive
computation and time as handling that amount &-balsed parameter is endless. Therefore, inconpgrat
heuristic searching method is more promising tal fthe local-optimal or near optimal solutions in a
reasonable time. Some insights on the optimizatimtesses; Integrating two or more design objestive
would complexify the design problem further makibg@ multi-objective optimization process. This was
tackled differently by different researchers; Sowmuld use multi objectives heuristic searching rodgh
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Others would combine all objectives in one formwhere each objective is weighted differently in
accordance with the researcher’s criteria. Andpifoeess is turned into single objective optimizatiwhere
the system is trying to minimize or maximize thacmme. This formula would help to find the global
optimal solution. However, this optimal solutiondsfined in terms of the designer/ creator weigbtthe
formula’s parameters which consequently affectsréiseilt greatly. This means the output is not resrdy
the most optimal as for another weight factorsgliobal optimal solution will result in a differenne.

On the contrary, optimization based on pareto feorin multi-objective optimization considered a n@o
valuable technique, as it is seen to the useritfexeht alternatives and where they fall on theepa graph,
how each solution out wins the other in each objectThis results in many alternatives and thegfesi can
afterwards choose intuitionally and according ®/teér own design targets which is the suitablerefepred
solution. It can also give insights about the dédfe objectives interrelation and correlation iesithe
system. Finally, the selected heuristic searcmeghod is crucial in affecting the results outcoifieey are
another rule-based system with their own changergupeters added to the system, like the percemtage
crossover to mutation in genetic algorithm. Therefdefining the most suitable heuristic searchimhod

is another research question. What is the mostldaitsearching method suitable for the problemaadh
especially with an ill-defined design problem likechitecture design problems. Can one heuristichew
method outperform another? What are the internedrpaters of the heuristic searching method and how
they can drastically change the output? As theylavdshould the designer use more than one to erkare
optimality of the output. Many questions can guide research further in the area of integrating Mt
heuristic searching methods.
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Table 1: Showing the list of Studied Papers.

Some questions and notions were raised in respont@s literature review to be investigated furtire
detail. Such as what is the possible validatiorcgsses a user can do to guarantee and validaveotkeof
MAS, he/she created. Most researchers count orrldeproduct; if the end product is valuable ant fal
under their criteria, the process can be consideadid. The question here is how can research aadid
further these processes what other possible waygalidation for such uncontrolled environments of
exploration are witnessed on the level of ABMS esagcreation. In addition, the notion of consitsj
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bias, and assumption. Can they offer a larger isoligpace or limit it, how the consequences of itects’

bias and assumptions can be governed. With thatiateto complexifies and yet produce exquisitarfer

the researchers adopt the concept of agent-baseltlimp and simulation in several levels such as
manipulative level of agents that results into mfoThe question here is how the design can béelelie
encompassing the architect’'s assumptions if ABM@&giand adapts an uncontrolled emergent phenomenon
of exploration.
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