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1 ABSTRACT

Due to the prevailing settlement pressure andribeeasing demand for living space, land consumpson
draining the limited land reserves in the alpingior. From 2018 to 2020, an average of 11.5 hextafe
land per day were used in Austri#intil 2020, while the population grew by just @(ercent, land use in
Austria has increased by more than 27 percent sircéurn of the millenniufn As urban sprawl increases,
green spaces decrease and are more and more $&gakesphalt and concrete. To avoid the constant
exploitation of open and green spaces, promotighgériland-use efficiency by densification withiristixg
settlement areas is pursued as an alternative, sustainable path of settlement development.ttiesefore
essential to provide decision-makers, plannerseldpers, and architects with a detailed overvievihef
densification potential within current settlemergas. This paper introduces a GIS-supported meltbggo

to facilitate this task.

In our research within the Alpine Building CentreSimulation of Settlement Systems (Zentrum Alpines
Bauen), we first developed a GIS-analysis modetHerautomated identification of theoretical deination
potentials on building plot level while taking lédmuilding regulations and local specifications sbructural
density into account. In a further step, we elateataa building-related typology for the classifioat of
these potentials, by integrating the geometry amshture information of the existing building stoakd
building plots. GIS analysis models were then dawedl in accordance with this typology to identifyda
guantify these potentials theoretically, and to eldtieir generalized three-dimensional (3D) shapés.
proposed typology characterises current densifingtiotentials in Salzburg state into four typesiding
replacement, roof stacking, building extensiong] ardependent building annexes. As a case study, th
analysis was implemented on a test municipalitpéizburg state - Henndorf am Wallersee. Experinhenta
outcomes are visualized in an interactive 3D webp that provides an overview of the result. The oote
data provide important information and a planniagib that support local planners and decision-nsaiker
achieving more sustainable, resource-efficientreugettlement development.

Keywords: GlS-analysis, densification potentialnsification typology, 3D-web map

2 INTRODUCTION

The Alpine region is confronted with major planniclgallenge: While the availability of land is sesigr
limited by natural landscape conditions, the demahdiving space increases and thus results in high
settlement pressure. Under this pressure, builifbpn areas expand with inefficient land use aadddo
urban sprawl, which is a crucial issue for sustasimalevelopment in the future (EEA, 2006). It inefbly
causes a loss of agriculture land and open gremtespand in return a replacement with almost énséhle
sealed soil. Such unsustainable use of land haginedgmpacts on the quality of life and ecosystewtsich
includes aspects such as agriculture productioodilgrsity, climate protection, energy consumption,
increased mobility, etc. (EEA, 2019). These negadiffects can bring about potentially serious emvinent,
economic, social and health risks. Until 2020, whhe population grew by just 10.9 percent, langl ins
Austria has increased by more than 27 percent sireceurn of the millennium (WWF, 2021). Accordingl
Austria has set a national-wide soil protectioratetyy for more economical land use with a target fo

Flacheninanspruchnahme. (2021, June). Umweltbunttesa
https://lwww.umweltbundesamt.at/umweltthemen/bodae¢heninanspruchnahme

2 WWF: Bodenverbrauch fast dreimal so stark gestiage Bevolkerungswachstum. (2021, December). WWF.
https:/lwww.wwf.at/wwf-bodenverbrauch-fast-dreinsal-stark-gestiegen-wie-bevoelkerungswachstum/
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reducing land use to a net of 2.5 hectare per gathe year 2030 (Bundeskanzleramt Osterreich, 2020)
However, the average consumption of land in Audtan 2018 to 2020 amounts up to 11.5 hectares per
day (Umweltbundesamt, 2021), which significantlgesds the target.

Such excessive land use is not a unique phenomertba Alpine region. It is one of the major envinosent
challenges in Europe (EEA, 2006). To address ttdblpm, ‘No Net Land Take’ in EU by 2050 is prontbte
in the 7th EAP (EU Environment Action Programme2620) and the EU Roadmap to Resource Efficient
Europe (European Commission, 2011). This ‘No Netd-d@ake’ goal aims to reduce the effect of urban
sprawl by avoiding sealing agricultural land aneémpaces. Instead, it stresses the focus to ittmtidn

of land that has already been sealed (Science Caination Unit, 2016). In response, densification (0
infill development) is promoted by policymakers apdrsued as a solution to urban sprawl (Artmann,
Inostroza, & Fan, 2019). Priority is stressed foward settlement development in the spatial plapnin
handbook for Salzburg state (Amt der Salzburgerdkaregierung, 2012). By concentrating development i
existing settlement areas, additional dispersed,density settlement development is prevented.reAslt,
land that may consumed by urban sprawl is sparedséhable densification is considered as a crucial
element to the path of sustainable development ifdar& Reiter, 2014; McConnell & Wiley, 2012;
Pelczynski & Tomkowicz, 2019; Wicki & Kaufmann, 222

Several case studies in European countries thatderoverviews and recommendations for densificasice
conducted: Nabielek (2011) summarized the Dutclonak urban planning policy concerning densificatio
and ,through empirical research, provided insigtitthe intensity and types of locations of denstiien
within the existing urban area in the four largBsttch cities; Attia (2015) first reviewed the ekigt
building stock in Liege city, Belgium, then he gmalzed urban densification scenarios of the clgng
with recommendations and potential challenges; sttet(2021) gave an overview of 22 densification
projects in Salzburg over the past 25 years. Wighadvance in open data availability, geospatitd dave
been used to the automatic identification of decediion potential in multiple scales: Vuckovic ét@017)
proposed a computational environment to generatenpal densification schemes in 3D based on aapat
dataset in an urban area within the city, Graz,taisAbedini and Khalili (2019) used multi-critari
evaluation techniques combined with geographicrinfdion system (GIS) to determine the capacity of
Urmia, Iran, and identified suitable plots for déination; Eggimann et al. (2021) presented a gabtap
simulation framework to evaluate densification ptiids at neighbourhood level; Amer, Reiter, andiaAt
(2018) adopted multiple criteria and boundary ctiod$ to identify densification potential througbof
stacking; Schiller et al. (2021) validated the fieilisy of automated detection and monitoring of
densification potentials via GIS-based procedures.

As it is mentioned in the guidelines for the ‘sphtievelopment concept’ of Salzburg state, deradifia
potentials are considered as one essential sodrbeilding land reserves (Land Salzburg, 2019)islt
therefore important to provide a detailed overvwhese densification potentials. This paper ihtices a
generic GIS-supported methodology for the automadedtification of theoretical densification poteht
types on building plot level. Our objective is tesass and quantify the densification potentials eékest in

the current settlement areas for each densificaijpe. Using available geospatial data, we model th
theoretical generalized 3D shapes of these poteratied provide a realistic view of them in an iatdive
web map. With this tool, we aim to assist decisimakers, planners, developers, and architects in
recognizing and reflecting on the existing denatiien options. The delivered information can semgea
basis for further investigation for on-site implentegion.

3 APPROACH

3.1 Densification types

Urban densification within existing settlement arean be implemented through building extensionathn
vertical and horizontal directions (Attia, 2015). dur research, four densification types are furttexived
based on their characteristics among these tworgledensification directions. The first type is lding
replacement - replacing existing low-density buigi with new residential building structures wiigher
density. The second type is roof stacking. Witls thénsification type, buildings are extended velitjc-
additional stories are added to the top of exisboidings in order to accommodate more househdtis
occupying more land are avoided (Amer, Mustafalefettia, & Reiter, 2017). With both the thirdpts,
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building extensions, and the fourth type, indepahdwriilding annexes, the horizontal extent of émgst
buildings are expanded. For example, building ptaenlocated in the gardens of built-up buildirigtp are
utilized for constructing new residential buildin@dariqgue & Reiter, 2014). The difference betwebase
two types is that, with the type ,building extensipan extension is directly attached to existingiding,

while independent building annexes are additioraidential units that share the same building piats

existing buildings but are unconnected to the mgdbuildings and are usable independently. Thédimgj-

related typology that we established for the cfasgion and GIS-based identification of densifioat
potentials are based on these four types.

It is worth noting that, besides above-mentionedsiieation types, gap closure is another type rian
densification that are adapted in the cities (Ateger, 2014). It is to fill the gaps between éxgsbuildings
on neighbouring building plots with new dwellingsnger et al., 2017). However, this type is excludedn
this research, as the filled gaps are across bgilgiot boundaries which are not depictable in lmuitding
plot-based analysis.

3.2 Simulation parameters

The future development of settlement area regardiémgification is constrained by various spatiedlgvant
conditions that are listed in land development & building regulations. There are horizontal eedical

limitations of spatial growth when it comes to emgag existing building stocks for additional ligrspaces
(Vuckovic et al., 2017). Spatial relevant paramset#e used as constraints in this study for thebéshment
of the building-related typology for densificatigrotentials and the simulation of possible cubafiore
densification at each building plot. These paramsdtelude legal building regulations for Salzbstgte and
local specifications for structural density.

According to the land development law of the Salghstate (Land Salzburg, 2015), the buildings ninest
located in the building plot in such a way thatitiients are at least from the boundaries of thigdding site

by a minimum distance of 3/4 of their eave heightg, in any case larger than 4 meters. Therefar&is
research, we use this constraint as a baselineottelnthe maximum possible height of each simulated
cubature.

Moreover, since the municipalities in Salzburg est@xcept for Salzburg city) usually do not havgitdl
development plans, from which the maximum buildiegsity can be automatically read out by GIS amslys
models, the concept of local specification for stinual density Qrtstibliche Dichtg is introduced in this
research (Gadocha, Spitzer, Deng, & Prinz, 2024).dach analysis building plot, its structural dgns
calculated from an intersection with the availabfmtial dataset of building stock in Salzburg statee
second highest density for each analysis plot ivele from the surrounding eight analysis plots atated
as the local specification for structural densiy this building plot. The local specification fetructural
density includes following parameters: ground spacex, floor space ratio, cubic index, number wf f
floors, and ridge height. Table 1 provides an oienof these parameters and their definitions.

Parameter Name Definition

The ratio between the building’s footprint area ahd surface area of the correspondjng

Ground space index building plot

The ratio between the permissible aggregate sudeez of all the storeys in a building and

Floor space index the surface area of the corresponding building lot

The ratio between the cubic meters of building massl the surface area of the

Cubic index corresponding building lot
Number of full floors The number of all floors obailding except basement, roof, and attic floors
Ridge height Height of a building measured uphtoridge

Table 1: List of parameters used for local speaifan for structural density.

3.3 Building-related typology for densification potentials

To automatically identify and quantify densificatipotentials regarding previously introduced décaifon
types with GIS analysis model, a building-relatggology (Fig. 1) was established with taking legal
building regulations and local specifications farustural density into account. Values of the mbagl
parameters used in the typology were chosen inuttati®n with urban planners from spatial planning
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departments of the city and state as well as stdtets from a non-profit housing association. Hogrev
these values can be adjusted accordingly to fividdal study areas and particular developmentlegguns.

Building extensions Independent building annexes

Building
stock -

Building
stock

Building
stock

® © @

Plot Plot

Fig. 1: lllustration of the building-related typaig (a) Type 0: Building replacement, (b) Type 1: Rstacking, (c) Type 2:
Building extensions, (d) Type 3: Independent buidamnexes

Type 0: Building replacement

For this type, under the consideration of the lelsthnce requirement (minimum distance equalsrteters
or 3/4 of the eaves height), possible cubaturesianalated for each analysis building plot. The mmam
utilization of each analysis building plot is theelected according to the calculation of grossrflmea of
each simulated building model. The selection ofrtiaximum utilization is limited by the conditionaththe
simulated cubature doesn’'t exceed any local spatidin for structural density.

Type 1: Roof stacking

For this type, the simulation of possible cubatigrémited to the extent of the footprint of buihgj stock.
Existing buildings with minimum 90m2 gross floorear are selected for the simulation. Under the
consideration of the legal distance requirementlandl specification for structural density, simeld roof
stacking model with the largest gross floor areseiected. Simulated roof stacking model is the¢ plathe
simulated cubature that is above the ridge heightved from the existing building. The total cubatwf
existing building and roof stacking model is lintteby local specification for structural density.
Additionally, the roof stacking model should be aidhan 5 meters and with minimum 85 m2 gross floor
area (approximately 1 housing unit).

Type 2: Building extensions

For this type, the extent of the simulated cubasui@tprint is limited to the rest of its locatedilding plot
minus the existing building’s footprint. Followirtge legal distance requirement and local specifinafor
structural density, a simulated building extendiwet is directly connected to the existing buildamgd with
the largest possible gross floor area (larger 8&m?2, approx. 1 household) is selected. The mimimudth
of the building extension models is differentiatetb potential for the extension of living spacddilu from
5 to 8 meters) and potential for additional residgg¢mnits (wider than 8 meters).

Type 3: Independent building annexes

In the simulation of independent building annexsin the case of building extensions, the footmfrthe
simulated cubature is restricted from overlappirithwhe existing building’s footprint. However, tlagnex
model is required to have a minimum distance torthighbouring existing building. Two variations are
modelled in this research. The first variationdstd building annexes without building plot digisi In this
variation, a minimum distance of 3/4 of the heighthe existing building plus 3/4 of the heighttb& annex
model between them is assumed. The second variattbat when a building plot is suitable for swision
based on its shape and size (larger than 1200sei®¢tion criteria of a minimum distance of 15 mete
between the existing building and the annex maaekvell as a minimum gross floor area of 180 méhef
annex model is assumed.

3.4 Workflow

The methodology (Fig. 2) for deriving densificatidypes starts with the selection of building plots
depending on land use zoning. For these plotréifit cubatures are simulated depending on distartbe
parcel boundaries in the simulation model. For eadbature, its density parameters (i.e., groundepa
index, floor space ratio, cubic index, number df fioors, ridge height) are calculated. For eadtt,pthe
structural density is estimated by the eight neareighbouring existing buildings and their plddepending
on the derived structural density as a constr#ietcubature with the maximum gross floor areaiscied.
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The difference of this maximum gross floor area e gross floor area of the building is assumethas
densification potential of type 0 (Building replazent).

In the next step, the plots with a densificatioteptial of type O are simulated again for the otlypes in a
similar way but with different parameters and comists (according to the typology, see section.38y
type 1 (Roof stacking) the footprint of the buildistock is used, for type 2 (Building extensionid &
(Independent building annexes) the plot minus #igtiag building’s footprint is used. The selectadature
of type 2 has to be connected to the existing mglénd for type 3 the selected cubature must kected
from the existing building with a defined minimunsince.

Ty
o [
Building »| Gross floor area for existing building
stock L
data d 3
Calculate local specification for
structural density
\ J

T

] s ~ R 'S

Simulate possible cubatures for
each building plot

Selact maximum utilization -

Building maximum gross floor area

plot data L
v —
\-_-/

A

~

Elaborate building-related " P N
Identify building plots with

typology for densification <_[ densification potentials

potentials

Y

Filter by constraints

v Y

I—V_
7 v

Calculate the difference ]

\. J
A

Densification type 0: Densification type 1: Densification type 2: Densification type 3:
Building replacement Roof stacking Building extensions Independent building annexes

Fig. 2: Workflow of the GIS-based identification @énsification types

4 CASE STUDY AND RESULT VISUALIZATION

Henndorf am Wallersee is a municipality locatedhe north of Salzburg state. It is with an are2351
km? and 4933 inhabitants by 2020 (Salzburg Wiki220 This section focuses on a case study of this
municipality. Previously introduced densificatioipé identification workflow was implemented in thest
municipality. As outcome, densification potentidts accordance with the building-related densificati
typology are identified and quantified for eachdgrarcel. An overview of the analysis result isegiyin this
section (see Table 2). Additionally, in this segtiove introduce the prototypical user interface teadures

of the interactive web map that was developedtenisualization of the analysis result in 3D (Beg 3).

4.1 Experimental results

In our case study, residential building plots tia built-up with buildings’ footprints larger thd2 m2 and
with construction windows larger than 100 m2 or evithan 10 meters are selected for the analysisteTh
are 3625 building plots in Henndorf, with 40% desited for residential building plots. Among these
building plots, almost 51% of them, which takesmpre than 78% of the total area, are already lbipilt-
with buildings that meet our selection criteria.cAmding to our experimental result (see Table Bhoat
half of these analysis building plots are identifigith densification potential (or underused). kans that
the gross floor area of the existing buildings @wese building plots are smaller than the theoretica
maximum gross floor area that can be achieved. \tiéh densification type O — building replacement,
approximately 1144 housing units could be addedorgrhe other three densification types, most ingld
plots with densification potentials are identifiedth the possibility to add building extensionse(i.
Densification type 2), corresponding to accommauatatif approximately 857 households. More than 95% o
these building plots have the potential to addxarsion that is wider than 8 meters, which camded to
create new residential units. It is possible fauad 25% of the underused building plots to adepeshdent
building annexes to the existing buildings. Onlgsi¢han 3% of the underused building plots arébddidor
building independent annexes with land subdivisimhich could add approximately 92 housing units. As
for the densification type roof stacking, limited thhe cubatures of the existing buildings, onlyusr 4% of
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the underused building plots have such potentigbréximately 18 housing units can be created by thi
densification type.

Potential
Building plots [Maximum utilization, Local specification for

structural density, Densification types]
Housing units
Gross floor area (m?) & 5 ”
(85m? per Housing Unit)
ding plots 3625 23526 ha

Residential building plots 1468 93.8 ha -

Henndorf am Wallersee

Built-up building plots
- Buildings 212m? 745 73.7 ha -
~with construction windows (2100m? / 210m)

without potential 388 33.9 ha 6483 0

Type 0 Building Replacement 357 39.8ha 111131 1144

Table 2: Summary of the identified densificatioriguials in Henndorf am Wallersee

4.2 Web visualization

In order to make the analysis result easily acbéssind explorable for our target groups (i.e. slear
making authorities, planners, developers, and @cis), an easy-to-use, straightforward 3D web msap
developed to facilitate this task. Figure 3 prosiden overview of the application’s user interfaoe #s
components. The components of the user interfanebeadivided into following categories: application
header, 3D map elements, and core features tlaw aiters to interact with the identified densificat
potentials regarding each densification type.

The header (Fig. 3 — A) includes the title of theplecation, followed by a short description of the
application’s purpose. 3D map elements include & meap view (Fig. 3 — B1), map controls (Fig. 3 2)B
layer list (Fig. 3 — B3), address search panel.(8ig B4) and pop-up window (Fig. 3 — B5). The miégw
provides a 3D view of selected study region, withe@StreetMap and world hill shade layer from ArcGIS
Platform as base map. Map controls include zoonirahmavigation toggle for panning or rotating the
view, home button and compass button for resettiegmap extent and orientation to default, fulleger
control, and base map gallery widget for switchimgp view's base map. The layer list at bottomdefner
indicates the visualized map layers. Users canralbtite visibility of individual map layer with theye-
shaped’ toggle in each layer panel. Map legendhisgrated into the layer list. Core features inelud
densification type selection cards (Fig. 3 — Cnsiary panel (Fig. 3 — C2), feature table (Fig. G3),
distance and area measurement toggle (Fig. 3 —aS4)ell as daylight and shadow simulation widgeg.(

3 — Cbh). Each selection card represents one deatsifin type, followed by a brief description of kdgpe.
With one densification type selected, generalizBdd&ometries of the corresponding type of iderdifie
densification potential are visualized in the mégw Densification type roof stacking is selected ahown

in Figure 3. The visualization results of the déoation type building extensions and independeuilding
annexes are shown in Figure 4. In the summary paxéla living area (gross floor area) and housghol
capacity that can be theoretically created by #iected type of densification are summarized. Wi
interactive feature table, users are provided \ittabular view of each visualized geometry’'s atities.
Multiple interactions are supported by the featatsde: Features can be sorted by attributes imasaog or
descending order; Users can select feature ofesttdrom the table, highlight and zoom to the gelkc
feature in the map view. By clicking on the filieon at the right top corner of the summary paadilter
list is expanded. It allows users to filter andugilize a subset of the identified densificationgmbials that
satisfy the user-defined criteria based on thetuiee attributes (Building volume, height, numbérfudl
floors). Users can set filter thresholds by dragdabel thumbs or editing their label values ab(vig. 3 —
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C2.1). The filtered results are highlighted in thap view (Fig. 3 — C2.2). Contents of the summamegb
and the feature table are updated automaticallynvehfilter is applied to the dataset. Users canokerrall
filters by clicking on the reset button.

|Densification Types - 3D Viewer  Map Dashboard for viewing densification potentials in built-up rendentQaremm
Henndorf am Wallersee 7\

Y
Densification types

Please select a densification type to visualize in the left map.

o o O
[~
.
N3 ‘ AN
o al: N
1
n n=l: P
Roof Stacking Building Independent
With this densification Extension Annex
P— type, buildings are With this densification With this densification
| Aufstockung Model extended vertically - type, existing buildings type, existing buildings
| Gemeindename Henndorf additional stories are are expanded are expanded
T added to the top of horizontally: A horizontally: An
| existing buildings. building extension is independent building
e directly attached to annexis an additional
ModellAufstockungBM_m3 736 existing building. housing unit that is
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is usable
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Fig. 3: User Interface: Use case in Henndorf aml&kste. Densification type ‘roof stacking’ is seéet (A) header, (B1) map view,
(B2) map controls, (B3) layer list, (B4) address seg@anel, (B5) pop-up window, (C1) densification tygatection cards, (C2)
summary panel, (C2.1) expanded filter with userrasfiheight threshold, (C2.2) simulated roof stackimnglel selected by filter
(C3) feature table, (C4) measurement toggle, (C5)gtayand shadow simulation widget.

Fig. 4: Visualization of the identified densifioai potential: (a) building extensions, (b) indepamduilding annexes.

The implementation (Fig. 5) of this interactive wabp is mainly on client-side. Data to be visualizethe
web map are initially stored in a file geodatabd$ese data are then imported via data manageoastit
ArcGIS Online and published as ArcGIS data servideey are hosted in the cloud as feature layems in
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feature service (ArcGIS Developers, 2022b). The ierface (client-side) of the web map is implenesl
using HTML, CSS, and JavaScript. The design ofubker interface is supported by additional librarie
including Bootstrap and Bootstrap Icons. The ustgractivity of the web map is enhanced by JavaScri
and JavaScript library jQuery. To allow client sideaccess the data from the hosted feature layeyse
ArcGIS API for JavaScript (ArcGIS Developers, 20R2a web API provided by ArcGIS. It allows us to
display, query and filter data in our map appliatiTo visualize the densification potential geamastin
3D, we embedded a local scene in our map viewlldiva us to project our data on a plane in a 3D
environment. Existing buildings and the identifidensification potential geometries are the viseali3D
features in this scene. Their footprints are digpdaon the terrain and extruded based on deriveghhe
information. These features are placed in the stased on their located building plots’ averageohits
heights to the sea-level.

Architecture

Import and publish Access LA
Hosted Feature Layer > K
} (Display, query, filter)

Web Map/Client

Visualized Data
Stored in file geodatabase

¥ v ¥
HTML, CSS, JavaScript
(Other libraries: Bootstrap, Bootstrap
Icons, jQuery )

ArcGIS API for

ArcGIS Online, ArcGIS Data Service .
JavaScript

Technologies

Fig. 5: Implementation of the web map

5 CONCLUSION

This paper introduces a generic GIS-supported rdetbgy for the automated identification of thecrati
densification potential types on building plot leve this paper, we first characterised curremigiication
types in Salzburg state. Then we introduced theisgdpeelevant parameters used as constraints fer th
establishment of the building-related typology @Ensification potentials. These constraints inclietgl
building regulations and local specifications fowstural density. Based on these constraints antbined
with the characterised densification types, we psapol a building-related typology for densification
potentials within existing settlement areas. Itludes four types: building replacement, roof stagki
building extensions and independent building ansexeter, we described the geospatial data-driven
workflow used for identifying built-up building ple with densification potentials and modelling treizal
generalized 3D shapes of these potentials per theigus proposed building-related typology. This
workflow was then implemented on a test municigaltlenndorf am Wallersee. The result shows that
nearly half of the selected analysis building plats underused and have great potential for deasdin:
with the type ,building replacement”, over a thosdanew housing units could be created; Limited hmy t
size and shape of the existing buildings and ugjgilots, the type ,building extensions” can adeéro800
housing units, while the type ,independent buildarmexes” can add around 90 housing units andyfiee t
,roof stacking” with the creation of only 18 houginnits. Furthermore, to visualize the analysisiltas a
realistic scene, a straight-forward, interactive\8&b map was developed. We introduced the usarfaces
features and the implementation of this web apfoan this paper.

It should be noted that this methodology is not méa substitute building-by-building investigatifor the
implementation of densification. The analysis resof the creatable housing units and the genecIi8D
shapes with different densification types do ngiresent the real future development. It represtrgs
maximal potentials that are derived from our simiafa based on the available geospatial data and
parameters assigned to the constraints used iGk&model (see section 3.2). In reality, the impatation

of such densification process is rather complexclvis affected by multiple factors such as avalilgtof

the building plots, opinions of the house ownersi@ighbours, as well as materials and accessilifitye
existing buildings, etc. However, the quantifiedults of this methodology can serve as an inforonabasis
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in the planning phase: for example, during the expensultation provided to building owners in the
research project ,BONUS” (Schopflin, Erber, Madler& Prinz, 2022).

The focus of this study is to provide a generic hodblogy that can use spatial dataset to identify
densification potentials within existing settlemen¢as in terms of location, generalized buildingpes and
creatable housing units per densification typesirts to make such information accessible for datis
makers, planners, developers, and architectsassisting them in recognizing and reflecting ondhisting
densification options. The delivered spatial infatimn of the identified underused building plots dae
used for the creation of the densification potéstiaventory in the context of land-use managemént.
provides relevant data to steer densification medeom building plot scale. This methodology can b
applied to other municipalities in Salzburg stdtehelps decision makers and planners to follow the
guideline for the spatial development concept (L&atzburg, 2019) and to formulate spatial develagme
concepts for individual municipalities in Salzbustate, with the aim of promoting inward settlement
development so as to achieve more sustainablejneEsefficient settlement development in the future
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