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Abstract  

With the growing residential development of urban areas and their hinterlands in the Alpine 

region, urban sprawl is a major concern. It is therefore essential for decision -making 

authorities and urban planners to monitor the demand for, and consumption of, the limited 

reserve of land zoned for resid ential buildings and the development of future settlements. 

Data such as demographic statistics, population forecasts, and geospatial data of the land 

reserve are required for this purpose. However, due to the variety of these data, tools for 

exploring the m in an integrated and intuitive manner are rarely available.  

This paper introduces a web application designed to facilitate this task, a map -based 

strategical dashboard that was developed within the Alpine Building Centre project 

(Zentrum Alpines Bauen, w ww.alpinesbauen.at). The paper describes the applicationõs 

design goals, data preparation, architecture and user interface. With a use case in 

Oberndorf bei Salzburg, we demonstrate how the application visualizes the predicted future 

settlement situation b ased on existing housing patterns and population development 

forecasts. The use case also shows how the application allows simulation and evaluation of 

various scenarios for housing demand and zoned residential land use, thus assisting decision 

makers to d evise spatial development concepts for balancing housing sufficiency and 

reducing urban sprawl. This paper aims to present the application as an approach of using 

an interactive map -based dashboard to present and utilize multidimensional data in the 

field of residential land use for the purposes of urban planning.  

Keywords:  
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1 Introduction   

Demographic change, trends towards smaller household sizes, rising housing demand and 
costs, and urban sprawl are current challenges for the development of settlements in Salzburg 
state. To cope with these challenges, as the guidelines for the ôspatial development conceptõ 
(Räumliches Entwicklungskonzept) for municipalities in Salzburg state mentions, it is essential to 
link the development of settlements and population with each other (Land Salzburg, 2019). 
Therefore, a tool for monitoring the demand for, and consumption of, the limited reserve of 
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land zoned for residential building and the development of future settlements is needed. In 
earlier studies and projects, several tools designed to help with settlement planning were 
developed. For example, the Flächenmanagement Datenbank is available to municipalities in 
Bavaria to record and manage internal development potentials (Bayerisches Landesamt für 
Umwelt, 2018). It can estimate housing demand based on statistical parameters. RAUM + 
Monitor was developed as an online survey platform to inspect and maintain settlement area 
reserves, with particular attention being paid to the demand for new building land (Rheinland-
Pfalz, 2015). However, interactive visualization techniques were barely used in these tools. 

A map-based dashboard, as an innovative geo-visualization tool, is widely used for interactively 
visualizing and mining georeferenced information (Jing, Du, Li & Liu, 2019). For example, the 
Dublin Dashboard (McArdle & Kitchin, 2016) embeds maps in different modules which allow 
users to monitor the city of Dublin from environmental and transport perspectives. The map 
element in the City of Sydney Dashboard (Pettit, Lieske & Jamal, 2017) focuses on providing 
real-time monitoring of different types of transportation. The Galway dashboard (ôVisualising 
the Social and Cultural Infrastructure in Galway City and Countyõ, 2015) combines maps with 
interactive charts to describe the commuting, housing and cultural infrastructures in Galway 
City and County, Ireland. 

While a dashboard, as a visualization method, answers the ôwhat?õ questions, visual analytics 
exploits dynamic, iterative processes to help people answer ôwhy?õ questions. It combines the 
computational power of modern computers with human background knowledge and 
perceptions to solve complex problems (Andrienko et al., 2010; Keim, Mansmann & Thomas, 
2010). Visual analytics methods are utilized by decision makers to drive the optimization of 
city services, mobility, sustainability, economy and citizen engagement (De Amicis et al., 2009; 
Karduni et al., 2017; Li, Bao, Sellis, Yan & Zhang, 2018; Senaratne et al., 2018). To answer the 
ôwhatõ and ôwhyõ questions within one application, several studies integrated visual analytics 
approaches with dashboards to explore individual aspects of a city. Würstle, Santhanavanich, 
Padsala, and Coors (2020) presented a concept for an urban energy dashboard integrated with 
3D city models to compare the computed (projected) energy demand with the actual measured 
demand in different usage scenarios. Zuo, Ding, and Meng (2020) proposed an analytical 
dashboard to present and explore the spatio-temporal patterns of multidimensional economic 
factors in synchronized maps and bar charts.  

In this paper, we also propose a web application, a map-based strategical dashboard, to explore 
the settlement development in Salzburg state and its municipalities. Through a visual analytics 
approach, the user is able to simulate future settlement development based on existing housing 
patterns and various land-use scenarios that the user creates. The application provides a 
platform for decision-making authorities and urban planners to interact with the datasets of 
existing residential buildings, the stocks of land zoned for residential buildings, and future 
demands based on population forecasts. It aims to help planning authorities understand the 
housing potential and the development of the housing demand at both state and municipal 
scales; it assists them in formulating targeted spatial development concepts for individual 
municipalities, and thus supports the strategic planning of settlement development. 
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2 Design goals 

In the Alpine Building Centre, RSA FG Research Studio iSPACE develops indicators and 
interactive web tools to optimize the decision-making process for sustainable spatial 
development. The application described in this paper is an innovative visualization tool 
focused on residential land use and settlement development. 

The tool is designed for decision-making authorities (here, municipalities in Salzburg state) 
and their urban planners. According to the guidelines for the spatial development concept 
(Land Salzburg, 2019), it is vital for them to present the inventory and structure of existing 
settlements, to analyse earlier developments, and to derive spatial development goals and 
measures based on the estimated demand for residential building land. Additionally, for an 
appropriate response to city development and urban planning, analysis of the past, present and 
future situations is indispensable (Phdungsilp, 2011). The goals of the application therefore 
focus not only on the simulation of the future settlement development but also on the current 
residential building structure.  

We aim to help users answer the following questions: 

¶ What does the current residential building structure look like in Salzburg state and its 
municipalities?  

¶ What is the spatio-temporal trend of the development of the reserves of land zoned 
for residential building in Salzburg state and its municipalities? 

¶ Within land zoned for residential building, is the housing potential sufficient for 
different building categories? If not, when will the municipalities run out of residential 
building land? 

¶ If the housing potential is not sufficient to fulfil the forecast demand, what 
adjustments could be made (e.g. use residential building plots more efficiently by 
building blocks of flats rather than detached houses) to improve the supply-and-
demand situation for housing while avoiding designating more land for residential 
purposes? 

3 Test Data 

The source data are stored in a file geodatabase. They were processed and structured into a 
multidimensional data repository as part of the Alpine Building Centre project:  

¶ Future housing demand (2018ð2043)  

¶ Existing residential buildings (2018) 

¶ Vacant residential building plots (2018) 

The data were converted, using the number of households as a unit, to support the calculation 
of housing demands, potential and supplies in the pre-set scenario, and in user-defined 
scenarios, for housing demand and land use (Figure 1). 
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Figure 1:  Data usage in the application  

In the test dataset, the future housing demand in each municipality is assumed to be equal to 
the annual changes in the number of households. To calculate the change in the number of 
households, two factors need to be taken into consideration: (1) population size, and (2) 
household size (i.e. how many people live in a household). The annual change in the number 
of households caused by population development is estimated at municipality level, based on 
the total population number from the statistical data in 2018 and using annual population-
change factors. These factors are calculated from the population forecasts that are available 
only at district (i.e. supra-municipal) level. As it is common for the population development to 
vary significantly between municipalities within the same district, the factors are calibrated 
according to the variability of the population development, from 2002 to 2020, within each 
district (Figure 2a). The annual changes of household numbers resulting from changes in 
household size are extrapolated from the number of households at municipality level given in 
the 2018 data (see Figure 2b). The future yearly housing demand used in this application is the 
sum of the changes in numbers of households caused by population development + the 
changes in number of households caused by household size development. 

 
Figure 2:  Future housing demand calculation: (a) the calculation of housing demand resulting from 

changes in size of population; (b) the calculation of housing demand resulting from  changes in 

household size.  
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The existing residential buildings are classified into three categories (i.e. housing types): 
detached houses (Freistehendes Haus), compact low-rise buildings (Verdichteter Flachbau), 
and blocks of flats (Geschoßwohnbau) (Figure 3). Therefore, in this application, housing 
demands, potential and supplies are also assigned to these categories. The current household 
numbers in the building categories are calculated, and their percentages are used to estimate 
the future demands for different types of housing in the pre-set view. The overarching aim is 
to represent the projected development of settlement within the context of the overall 
townscape of municipalities in Salzburg state.  

For the vacant zoned residential building land, each building plot is assigned a theoretical 
household capacity, based on its suitability (optimal future building type) and size. Vacant 
building plots are aggregated by their suitability and proposed usage year (given in the dataset) 
to calculate the yearly housing potential and supply for each building category. 

 

Figure 3:  Existing residential buildings classified into three categories: detached houses (blue), compact 

low -rise buildings (orange), and blocks of flats (red) (Salzburg Maxglan)  

4 Application Architecture 

There are four key elements for the development of the application: feature layers, map, 
widgets and dashboard. To fulfil the design goals mentioned in Section 2, the application was 
developed using JavaScript, HTML and CSS, and designed with Calcite Maps, in combination 
with ArcGIS API for JavaScript, ChartJS and JQuery (Figure 4).  

The visualized data are stored as server-side data sources in ArcGIS online, a cloud-based, 
collaborative content-management system for maps, apps, data and other geographic content 
(ESRI, 2018). The data are integrated as feature layers in the map. These layers are referenced 
with unique portal item IDs, and loaded from a REST API service hosted on ArcGIS Online.  

We used ArcGIS API for JavaScript (ESRI, 2019) to embed the map and tasks in the web 
application. Users can interact with the visualized data via the widgets offered in the application 
to perform several tasks. For example, a municipality selector is integrated to apply a spatial 
filter to all visualized data; a time slider is embedded to apply a time filter to the land reserve 
data; an editor widget is used to alter attributes of the vacant building plots. The time slider 
and the building plot editor were developed from the ready-to-use widgets provided by the 
ArcGIS API for JavaScript. The municipality selector applies filters to the visualized data by 
executing query tasks with a ôwhereõ clause applied to the feature layers. In order to visualize 
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the results of these operations instantly, we linked these three widgets with the map and the 
dashboard. 

 

Figure 4:  The architecture and libraries used to develop the application features.  

Dashboard contents include dynamic titles, interactive charts and a linked table. Their input 
data are the results of queries on the feature layers. Three types of queries are supported by 
ArcGIS API for JavaScript: attribute, spatial and statistic queries (ESRI, 2016b). We used 
attribute queries to fetch attributes (e.g., future demands), and statistic queries to return 
statistics for fields (e.g., housing potential/supplies by summing up the household capacity of 
vacant building plots). We used ChartJS (ChartJS, 2016) and chartjs-plugin-datalables (ChartJS, 
2017) to create interactive charts in the dashboard. In addition to tooltips on data points and 
dataset filters, ChartJS also allows updates on the charts when the visualized dataset is 
modified. With this capability and JQuery (JQuery, 2008), the dashboard is able to provide 
instant visual feedback on the userõs interactions with the application. 

The application is built with JavaScript, HTML and CSS, and users have access to it via web 
browsers. Calcite map is a theme for Bootstrap (Bootstrap, n.d.) for designing, styling and 
creating modern map apps (ESRI, 2016a). We used it to design the layout of the application, 
and the layout adapts to the size of the device screen.  

5 Results 

This section introduces the applicationõs user interface and a use case in Oberndorf bei 
Salzburg. The use case demonstrates how the questions which we mentioned in the design 
goals (Section 2) can be answered through user interactions with the application. 
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5.1 User Interface  

The application follows the ôVisual Information Seeking Mantra ð Overview first, zoom and 
filter, then details-on-demandõ (Shneiderman, 1996). Users are able to access information at 
state, municipality, individual building and building plot levels. Figures 5a and 5b provide 
overviews of the applicationõs prototypical user interface and its components at two map 
scales. The user interface has the following components: header, dropdown menu, basic 
interactive map elements, and task-oriented features. 

The header (Figure 5a - A) shows the title of the application, followed by a slogan which briefly 
explains the applicationõs purpose. The dropdown menu (Figure 5b - B) contains an ôabout usõ 
page, basemap gallery, map print service, and toggle to hide the header. Basic interactive map 
elements include a main map view (Figure 5a - C1), map controls (Figure 5a - C2), layer list 
(Figure 5a - C3), search window (Figure 5a - C4), and pop-up window (Figure 5b - C5). The 
map view is the background of the user interface. Map controls include zoom control, home 
button for resetting the map extent, and full-screen control. The layer list indicates the map 
layers that are visible, and adapts automatically according to the map scale selected by the user. 
It has an integrated foldable map legend. Users can also display or hide layers manually with 
the ôeye-shapedõ toggle (as seen in Figure 3). When a larger scale is applied to the map, users 
are can view attributes of the building or building plot selected, which appear in a pop-up 
window. Task-oriented features include a time slider (Figure 5a - D1), dashboard (Figure 5a - 
D2), building plot editor (Figure 5a - D3), and municipality selector (Figure 5a - D4). To ensure 
the user interface is not overcrowded, the latter three features are wrapped in collapsible 
elements. The application therefore stays uncluttered and clear for users, who need to view 
only the current and projected settlement development.  

 

(a)  
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(b)  

Figure 5: User Interface. (a) At state scale: header (A), dropdown menu (B), basic interactive map 

elements (C1 ðC4), and task -oriented features (D1 ðD4). (b) At b uilding scale, the map shows three types 

of existing residential building; expanded dropdown menu (B), pop -up window of a selected block of 

flats (C5).  

5.2 Use Case ð Oberndorf bei Salzburg 

Oberndorf bei Salzburg is a municipality in the north of Salzburg state. The use case allows us 
to answer the questions listed in the design goals (see Section 2). 

After selecting Oberndorf using the municipality selector, the municipality border of 
Oberndorf and the spatial distribution of its vacant reserves of zoned residential building land 
in 2018 are shown on the map (Figure 6a). The spatial extent of the dataset visualized is limited 
to Oberndorf. This allows users to explore the settlement development of individual 
municipalities separately. As the housing supply and demand situations in each municipality 
differ greatly from each other, an overview of the settlement situation at the level of the state 
is inadequate. To support optimal decision-making, it is essential to provide users with views 
at both state and municipality level. 

The table in the dashboard shows the proportions of buildings and numbers of households in 
the three building categories (Figure 6b). It allows users to see at a glance the current residential 
building structure in Oberndorf. We can see that the majority of the present residential 
buildings there are detached houses. These account for 69% of all residential buildings. 
Nevertheless, almost the same number of households reside in detached houses as in blocks 
of flats, which account for just 10% of the buildings.  
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Using the time slider, we can see how the zoned residential land reserve may evolve numerically 
and spatially over the next 25 years. The dynamic pie charts and their legends help users 
monitor the consumption of each type of land reserve and how this affects the building stock 
(Figure 6c). From the pie chart on the left, we can see that at the beginning of 2018, most 
vacant, zoned, residential building land was suitable for detached houses, while plots suited for 
compact low-rise buildings came second. In the map view, land reserves that are likely to be 
used in the near future are greyed out as users interact with the time slider. Figures 6d and 6e 
show the spatial distribution of the vacant residential building plots in northern Oberndorf in 
2018 and 2030. This provides users with a clear image of how the land reserved for residential 
building evolves spatially over time. 

 

Figure 6:  Use case in Oberndorf bei Salzburg. (a) Applicat ion with the expanded dashboard. It describes 

the residential buildings and building land reserve for settlement in 2018. (b) Table in the dashboard for 

types of housing. (c) Pie charts in the dashboard for vacant residential building land (left) and exist ing 

residential buildings (right) in 2018. (d) Vacant residential building land in 2018. (e) Vacant residential 

building land in 2030.  

The serial charts in the dashboard (Figure 6a) show the projected yearly housing potential, 
demand and supply in terms of number of households. These help users to evaluate the 
projected future settlement situation. The pie chart in the dashboard (Figure 6c, left) shows 
that most vacant building plots are suitable for detached houses. However, based on the 
demands and proposed usage forecast for each year and for each vacant building plot, the 
potential for building detached houses is insufficient and will be the first to run out (in 2030) 
(Figure 7 - A). Compared to the demands forecast, building land in this category is insufficient 
(Figure 7 ð B1). The graph in Figure 7 ð B2 shows the cumulative difference between the 
projected housing demands and supplies. We can see that in the default scenario, due to the 
continuous gap between demand and supply, the total difference keeps increasing. For 
example, by 2030 there is a total housing shortfall of 57 housing units, yet most land reserve 
suited for compact low-rise buildings is unused. At the beginning of 2030, there is still the 
potential to build compact low-rise buildings that would provide 79 households with housing 
(Figure 7 - A). 
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As the serial charts depict, the housing potential is apparently insufficient for some building 
categories (as just described for detached houses). The web map therefore offers the possibility 
of creating user-defined scenarios: in the input fields, users can adapt the proportions of the 
demand, for example lowering the demand for detached houses while increasing that for 
compact low-rise buildings (Figure 7 - C). Users can also increase the re-densification index 
(Figure 7 - D) to reduce the demand for building land and fulfil more of the housing demand 
by densifying the existing building stock. Furthermore, users can adjust the use of individual 
building plots (e.g., change future building type, increase theoretical household capacity, adjust 
usage year) via the building plot editor (Figure 8). With one building type selected, a new 
theoretical household capacity is calculated automatically based on the building type and 
building plot size. Housing potential, supply and demand are immediately recalculated based 
on the modified parameters and visualized by the charts in the dashboard. Using also their 
human perception, decision makers can evaluate their alternative scenarios for housing 
demand and residential land use intuitively. These simulations can help users to test measures 
that could improve the imbalance between the supply and demand of housing, while avoiding 
re-designating for residential buildings land that has already been zoned for other purposes 
(e.g. as green spaces). Ultimately, the application can help municipalities and planners to 
identify the potential shortfall of housing at a fine-gained scale, and to formulate the optimal 
land-use concept customized for their own area.  

 

Figure 7: Use case in Oberndorf bei Salzburg. Serial charts: (A) yearly housing potential of three building 

categories; (B1) yearly housing supply and demand for detached houses, without cumulative 

difference line; (B2) yearly housing supply and demand for detach ed houses with cumulative difference 

line. All values are calculated as number of households. Input fields (top): (C) proportions of demands 

for each building category; (D) re -densification index.  
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Figure 8:  Using building plot editor: (a) expanded panel for editing building type and household 

capacity; (b) building type ôDetached houseõ selected; (c) building type ôBlock of flatsõ selected; (d) 

expanded panel for editing usage year.  

6 Conclusion and Outlook 

In this paper, we introduced the prototype of a web application developed within the 
framework of the Alpine Building Centre (Zentrum Alpines Bauen). The application is a map-
based strategical dashboard for the exploration of the settlement development in Salzburg state 
and its municipalities. The paper describes the design goals, data preparation, architecture and 
user interface of the application. With the use case in Oberndorf bei Salzburg, we 
demonstrated how the prototype fulfils its design goals: for Salzburg state and its 
municipalities, it visualizes the current spatial distribution and structure of residential buildings 
and zoned residential building land reserve using maps, tables and pie charts in the dashboard. 
With the time slider, the application is able to describe the forecast settlement and changes in 
the land reserve dynamically. By quantifying the land reserve with reference to household 
capacity and linking it with future demands that are calculated using forecasts for population 
and household sizes, users can explore, with the help of serial charts, whether land reserves 
are sufficient. Furthermore, using a visual analytic approach, users are able to simulate and 
evaluate various hypothetical scenarios for housing demand and residential land use. The 
application helps decision makers to follow the guidelines for the spatial development concept 
(Land Salzburg, 2019) for municipalities in Salzburg state, by offering them a platform to 
reflect on existing housing patterns and to experiment with alternative land-use scenarios. 
Information derived from this application can be used as a basis to formulate spatial 
development concepts for individual municipalities in Salzburg state, with the aim of 
improving future housing supply in the current reserves of land zoned for residential buildings, 
according to the various municipalitiesõ individual trends in the development of population 
and household size. This paper presents the application as an approach that uses an interactive 


