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Featured Application: The developed prototype is a tool to evaluate a supply situation and to plan
required infrastructures more efficiently and precisely. It is part of a proposal for an integrated
planning tool that covers several areas of supply planning.

Abstract: Dynamic processes in society and demographics require a rapid response and adaptation
of the existing public service infrastructure. Responsible planners must be able to analyse the
situation, identify gaps in provision and derive decisions. The paper presents a web application that
supports finding answers to various questions and planning decisions in the context of public service
infrastructures (e.g., schools, pharmacies, supermarkets). Due to the high complexity, the combination
of multi-criteria decision analysis and geographical information systems, especially in the web context,
is still rarely implemented. With this spatial decision support system, we are pursuing an approach
that makes multi-criteria analyses with spatially explicit methods available to the planning domain.
By using this application, the user can select and adjust input parameters independently and thus
strongly influence the analysis process and results—without a deep knowledge of decision-making
methods or software skills. With such a centrally provided online multi-criteria spatial decision
support system, the transparency and the quality of the analysis increase, while the workload for
the planners is reduced, since they no longer have to spend time on preliminary data search and
integration or on building complex methods and models themselves.

Keywords: multi-criteria analyses; spatial decision support system; public service; services of general
interest; planning tool; distance decay; web-application; GIS

1. Introduction

The administrative authorities of many advanced countries face the challenge of ensur-
ing equal or at least equivalent provision of public services and goods in all administrative
areas (access to food, health, education, public transport, etc.). However, due to dynamic
processes, national or regional administrations deal with manifold problems, such as low
birth rate [1], dynamic inflow or outflow of population groups [2], limited or ageing (hu-
man/structural/technical) resources for the operation of infrastructures and services. In
addition, the role of ageing societies and the associated changes in needs and demands
should not be underestimated. The latter is especially true for most of the developed
countries of the G-20 in the near future [3]. The even or equitable distribution of public
services/infrastructure places various demands on planners. They must have an overview
of the supply situation of current and future infrastructure components (food markets,
healthcare locations, educational facilities, public transport, etc.), as well as the current
and future demand potential of the population. However, for planning purposes this
alone is not enough, as it is important to evaluate the situation in small-scale spatial units
and to be able to respond with planning actions. The reaction could be an infrastructure
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decision or measure of a recommendatory nature for decision makers. In order to fulfil the
requirements roughly outlined in this introduction, a wide range of data, complex models,
technical analysis, and planning tools (in the form of a spatial decision support system,
short SDSS) in combination with a well-structured user interface are required.

Overall, high demands are placed on the access to data, but also on the methodological
and computational models with which the analysis is realised, as well as on the process of
user guidance. This paper proposes for an integrated planning tool with multicriteria—spatial
decision support system (MC-SDSS) functionality (term based on [4]) for public services,
which is fully usable as an online tool for a defined group of planners in the federal state of
Lower Saxony/Germany.

This paper is linked to key concepts in the context of services of general interest and
SDSS (Section 2). In doing so, we focus on the situation of previous web-based SDSS
examinations and explain the background and objectives of this study. This lays the
foundations for explaining the prerequisites for our application development, describing
use cases and presenting our analysis concept and methods (Section 3). We then present
our implementation with the illustration of our user interface and provide a look at an
exemplary results map (Section 4). Our work concludes with a summary (Section 5) and an
outlook (Section 6).

2. Preliminary Remarks and Basic Systematisation

In this section, we define the relevant concepts. We start with the terms MCDA and
MC-SDSS and focus on an insight into the latest web-specific developments related to
SDSS. Based on this, the current limitations of web tools are highlighted. We then place the
restrictions in the context of spatial planning for services of general interest, which leads us
to the background and goals of our investigation.

2.1. Multi-Criteria Decision Analysis and Spatial Decision Support Systems

Multi-criteria decision analysis (MCDA) is a heading for various formal approaches
to the explicit consideration of multiple criteria that help individuals or groups to make
decisions. MCDA is concerned with the process of decision making in the presence of
multiple, usually conflicting, criteria [5-7]. In general, the existing MCDA methods are
separated into the following categories:

e  Goal, aspiration, or reference level methods;
e  Outranking methods;
e  Value measurement methods.

This work is to be categorised as a value measurement method. At this point, we will
not go into further detail on individual aspects of the various method, since they have
already been described in the literature [7-11].

Spatial analyses and in particular spatial decision support systems, as a sub-area of
geographic information systems (GIS), offer many synergies for implementing MCDA. GIS
are systems for collecting, storing, manipulating, analysing, and presenting geographical
data and can generate information for decision making. According to Malczewski and
Rinner, the main advantage of merging MCDA into GIS is that the decision maker can
introduce value judgements (i.e., preferences in terms of weighting, evaluation criteria,
and/or decision alternatives) into a spatial decision support system [7]. The coupling of
MCDA techniques with GIS in GIS-MCDA procedures is a key element in the implementa-
tion of a multi-criteria spatial decision support system (MC-SDSS). An MC-SDSS can be
understood as an interactive, computer-based system that effectively supports one or more
users (planners or decision makers) in making decisions on semi-structured problems in
which multiple criteria are considered. The unstructured aspects are implemented by the
user, while the structured facets can be implemented in part by computerisation [7].
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2.2. Web-Based Multicriteria Analysis Methods for Spatial Decision Support Systems

As Malczewski summarised 15 years ago, combined research on GIS and MCDA
has focused on technical aspects of integrating MCDA and GIS methods [12] (p. 718).
According to him, finding solutions for real spatial problems was a downstream concern,
as certain progress in technical integration between MCDA and GIS fields of work had to
be achieved first. Since then, a large number of publications have appeared that attempt
to solve spatial problems with the help of MCDA methods in combination with spatial
analytical methods (cf. [13-19]). However, looking at the methods of the mentioned
literature, even today another point of Malczewski’s cannot be completely invalidated [12]
(p. 718): Some MCDA methods have a number of strict assumptions that are difficult to
substantiate in real situations or use methodologically simplified models of spatial analysis
procedures. From his perspective, these points would be largely ignored by the GIS-MCDA
community (status 2006). Together with Jankowski, Malcezewski recently stated that a
large part of GIS-MCDA studies are (still) spatially implicit [20] (p. 1258). This means
that evaluation criteria are defined based on the concept of spatial relationships such as
proximity, neighbourhood, and contiguity. And even if some recent work indicates a
paradigm shift towards spatially explicit analysis methods, the path to MCDA methods
that explicitly takes spatial variability into account has not yet been fully trodden. The web
application presented in this paper provides an MCDA approach based on spatially explicit
criteria such as accessibility and distance decay. The application allows the user to choose
from different distance decay options for the given infrastructures. The distance decays are
calculated using network analysis components (via an OpenStreetMap road network).

Since the turn of the millennium, web-based decision support tools are receiving more
attention in research (examples include [21-24]). Nevertheless, the results of these studies
should rather be considered as feasibility and perspective studies or to only implement par-
tial technical aspects of a GIS-MCDA. To the best knowledge of the authors, comprehensive
online MCDA tools do not exist.

Even though the corona pandemic has given a real boost to new web-based presen-
tation and data analysis tools, such as dashboards with map integration, the resulting
COVID-19 tools for planners and interested citizens often have only rudimentary GIS or
geo-operations in use [25]. Even if there are certain differences in the comparison of the
dashboards [26] (p. 3), they are mainly used for the daily visualisation of infection events or
the regional health status of the population. Examples of this are the description of a global
dashboard for the WHO by [26], for Ghana by [15], for Mexico by [27], and for Germany
by [28]. Further, there are numerous works that take an analytical approach by combining
MCDA and spatial analytical methods to support planners and governments in decision
making. Examples are studies on risks estimation of overshoot of regional hospital bed
capacities for Brazil [29] and analyses to ensure national food supply in case of production
losses on agricultural land, as in Nepal [30] or China [31]. However, these studies do not
include web components. Online GIS applications for public administration, of which
the level of interaction goes beyond dashboards and which incorporate spatial MCDA
analyses in the stricter sense, do not exist yet. This applies in particular to online systems
that provide dynamic user interaction options for the GIS and MCDA functionalities.

Currently, the results of MCDA are often static maps that are partly presented online.
This means that planners have no possibility to adjust the analysis (e.g., input variables,
model components, and parameterization) or to compare different analysis results in order
to understand the complex situation of a study area. However, for state and regional
planning, a comprehensive picture can only be obtained if an MC-SDSS is available and the
analysis and its results are interactively explorable. The web application developed in this
investigation makes this functionality centrally available. It could be hosted by a (regional)
government for its administrative planners, for example.
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2.3. Services of General Interest

Services of general interest are often based on a broad understanding of provision,
which includes the availability of immaterial (services) as well as physical goods (infras-
tructures) for the general public [32]. In addition, the concept of services of general interest
is determined dynamically depending on context and time (cf. [33] (pp. 35—40); cf. [34]
(p- 24), which makes a sharp definition difficult. The derivation of definitional aspects is
often very complex and, hence, is not deepened here (deeper insights: [32,34]). Generally,
services of general interest are often described by examples: healthcare facilities (hospitals,
medical practices, pharmacies), education (day-care centres, schools), and local amenities
(food for daily needs) should be provided nationwide within reasonable distance at so-
cially acceptable prices and minimum acceptable quality [32]. In this study, we restrict
the analysis of services of general interest to the examples mentioned above. Such struc-
tural infrastructures have an impact on the supply situation of the population in a given
area. We do not consider the more technical infrastructures such as the fresh water supply,
wastewater disposal, waste disposal, or internet services.

How the quality of supply can be defined across all the services and infrastructures
is highly variable and therefore very difficult to capture. With the help of our integrated
MC-SDSS, we provide a proposal for planners to keep the variability and still provide a
powerful tool to measure the quality of supply.

2.4. Background and Goals of the Study

Since 2017, the Federal State of Lower Saxony has been developing and operating
the Digitaler Daseinsvorsorgeatlas Niedersachsen (Digital Atlas of the Provision of Public
Services in Lower Saxony, or DVAN for short). Therefore, the data of the relevant infrastruc-
ture types had to be collected from numerous public administrations of the municipalities
and the state of Lower Saxony and integrated into a harmonized data base. A major goal of
the DVAN is to make these infrastructure data more usable for planners in regional and
state administration. It is a web application with simple spatial analysis tools. Unique to
the tool is a rather large dataset consisting of a variety of infrastructure data from different
service areas. Due to the legal protection of the data (and in some cases due to a licensing
obligation), access to the application is restricted for planners of the Lower Saxony author-
ities. The provided basic functionalities of the web application include a calculation of
infrastructure supply degrees in a given area and simple accessibility analyses. In a coop-
eration with the Dresden University of Technology, this has been extended to a decision
support system including spatial multi-criteria analyses.

The aim is to provide the planers with an overall picture of the supply situation
with the help of spatial analysis methods with adjustable parameters. Despite the high
complexity of parameter selection and modelling that spatial multi-criteria analyses entail,
the user should be able to select the analysis area and set decisive model parameters via a
simple and straightforward user interface.

In summary, the contributions of this paper are as follows:

e  The further development and use of a web-based MC-5SDSS in spatial planning (ser-
vices of general interest);
The implementation of a web-based online GIS solution with DSS functionality;
The presentation of a technical solution and a user interface as a result of the application—
orientated approach.

3. Requirements and Methodology

In this section, we describe the decision problems and the user requirements that arise
in the area of services of general interest. Based on this, we derive the basic factors that
are necessary for the implementation of the MC-SDSS. Generally, users should be able to
regulate as many variables and parameters as possible. For an MCDA, they should be able
to select criteria and define parameters (e.g., weights) in order to adjust the analysis to
the specific decision problem. This is in conflict with the fact that, due to the complexity
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of the MCDA, most of the addressed users would hardly be able to create the analysis
model independently. Further, due to usability considerations, the implementation as a
web application requires some simplification and presetting of parameters. This analysis
concept will be discussed at the end of the section.

3.1. User Requirements of Planning Institutions

As already mentioned in the introduction, in order to offer a suitable solution for
public service planners, a wide range of requirements are placed on data, models, technical
analysis, and planning tools (in the form of SDSS) in combination with a well-structured
user interface:

1.  Data: Planners and decision makers need an overview of the spatial situation and
distribution of population and supply locations, as well as of the transport links be-
tween them. This requires small-scale data bases that map the population distribution,
reflect the locations but also the utilisation capacities of the infrastructures in question,
and allow for analysis of the accessibility, i.e., the connection between the population
points and the infrastructure facilities (network data).

2. Complex models: Appropriate models must be used to map the utilisation of the
infrastructures and to determine the capacity limits. In addition, the applicable
planning regulations, which can also be understood as an influencing factor on
models, parameters or criteria, must be considered.

3. Technical analysis and planning tool in the form of a spatial decision support system
(SDSS): In order to give a planner a nearly realistic picture of the current situation
or a scenario, the planner must be able to set individual parameters from the corre-
sponding specialist domain. The professional preferences of the respective domain
are decisive here.

4. User interface: A simple and user-friendly interface is needed to be able to carry out
complex analyses and present the results according to preferences.

For the development of a system that is intended to support the decisions of regional
and state planners, it is necessary to understand the scope of tasks and the type of decisions
that should be made. Therefore, several workshops were held to define the decision-
making problem. Some of the workshop sessions were conducted with administrative
staff from Lower Saxony. Representatives from the offices of regional state development
and from the ministries entrusted with state development and planning were present. In
order to obtain further important impulses and ideas for application development, another
workshop was explicitly aimed at planners who were not part of the Lower Saxony state
administration [35]. This resulted in two specifications for the application. On the one
hand, we were able to agree on the selection of criteria and the necessary criteria with the
help of the workshops and by surveying the participants. We used an interactive mock-up
to triangulate the necessary functions and criteria with the users. On the other hand, three
key decision-making tasks and problems were identified and integrated into the tool:

e  Supporting the alignment of funding areas and funding allocation: The multi-criteria
analysis can support both the identification of priority funding areas and the evaluation
of funding applications for various areas of services of general interest. For example,
under-supplied villages can be predestined for funding when setting up a community
shop because it is possible to make comparative statements about the need and
necessity. Another example is the targeted promotion of the establishment of new
medical practices in underserved planning areas within small, limited areas (villages).

e Review of basic and (partly) centralised provision: The MCDA can support the review
and designation of central places. For example, an assessment of the central functions
can be made by jointly considering the amenities (including accessibility, etc.). Like-
wise, localities that fulfil the characteristics of service centres for the population but
are not designated as basic or (sub)central places can be identified.

e  Support in the designation of settlement areas: In the course of increasing land con-
sumption, settlements should be developed with caution. The multi-criteria analysis
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can support municipalities in identifying suitable settlement areas, e.g., areas that
are suitable for sustainable settlement area designation due to existing infrastructure
facilities or their accessibility.

3.2. Criteria, Data, and Weights

The scope of our planning tool is to enable the planner to assess the available infras-
tructure of general interest (supply side) in relation to the requirements of the population
(demand side). On the supply side, this mainly includes

Supermarkets, discounters, and other grocery shops (bakers, butchers, etc.);
The health sector with the locations of pharmacies, clinics, and all primary care
specialists (from general practitioners to outpatient surgeons);

e  The education sector, consisting of day-care centres, primary schools, and secondary
schools.

On the demand side, this includes the residential locations of the population. Here,
we used small-scale data with a resolution of 100 x 100 m edge length per grid cell for the
total population and for the different age groups.

Table 1 provides an overview of the integrated data. For the federal state of Lower
Saxony, a total of 112,326 data points (i.e., infrastructure locations) are provided in the
categories of local supply, health, and education.

Table 1. Overview of the provided datasets.

Category * Dataset
Supermarkets
Local supply Discounter
Other grocery stores
Pharmacies Gynaecologists
Hospitals Dermatologists
Health General. Phy§icians Otolaryngolf)gists
Paediatricians Neurologists
Ophthalmologists Psychotherapists
Surgeons and orthopaedists Urologists
Nurseries
Educati Primary schools
ucation Secondary schools level 1
Secondary schools level 2
Accessibility OpenStreetMap Data (Network dataset)
Population Population grid (100 x 100 m)

* With the exception of accessibility data, all datasets were handed over by the Lower Saxony Ministry of Federal
and European Affairs and Regional Development.

According to the user requirements (problem definition), there are different dimen-
sions of weighting. The first dimension is the relative importance of one type of infras-
tructure to another. The second dimension is the distance decay of the supply over an
increasing distance (road network) between the supply location and the demand location.

The latter is of particular importance because in many countries, including Germany,
minimum standards for the supply of an infrastructure are legally set: undersupply is stated
if a certain distance (or travelling time) from the place of residence to an infrastructure
is exceeded. Countermeasures must be taken for residential locations in undersupplied
areas. For example, the distance to child day-care facilities in cities may be a maximum of
five kilometres. Thus, distance is not only a spatial weighting factor (the further away, the
less important it is for the decision problem), but also a constraint if it exceeds a certain
distance. For German planners, we set these weighting factors and constraints for all
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existing infrastructures in the application on the basis of case law and legislation (where
available) [36]. Within the application, however, we ensured that the planner or decision
maker can adjust these default settings via the interface. The default pre-assignment was
therefore only a suggestion based on the legal situation for the infrastructure in question.

Figure 1 schematically illustrates the application goal of a gradual distance decay
for one criterion. The supply situation becomes unfavourable as the distance increases.
However, the distance boundaries (or respective travelling time limits) are predefined and
can be manually changed by the planer.

. Infrastructure type

good supply situation

very good supply situation

sufficient supply situation

_____

deficient supply situation

no residential area

Figure 1. Schematic representation distance decay with the planner’s parameter decision (right) and
the exemplary effect in space (left) for a given infrastructure (blue dot). The distance in the supply
status can be set individually.

3.3. Concept and Methods

In the following, we present a decision process valid for the application, which inte-
grates most elements of the framework for MCDA according to Makczewski [12] (shown
in Figure 2). Due to the complexity of the MCDA process for a user, the online tool handles
the elements in separate steps. In the illustration, we have added the steps in which the
frame elements are edited in the online tool (user interface in Section 4).

In Figure 3, we describe the process from the user’s perspective (blue) and refer
to the analysis process that takes place in the backend (yellow). In order to meet the
aforementioned user requirements and offer a high degree of flexibility in parameterisation,
we need a clear and standardised process in the user interface and a methodical/analytical
process flow in the backend of our application. To offer an appealing user interface that
fulfils our technical requirements, we have chosen the MasterPortal [37] as a platform. It is
a responsive and modular application based on Vue.js, which already contains OpenLayers
for map functions. It mainly provides functionalities for map integration, but additional
components for more complex custom implementations are also possible.
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Figure 2. Framework for spatial MCDA (according to [12]). For an overview, the framework elements
are linked with the corresponding process steps of the workflow of our online tool.

In the following, we explain the analysis process step by step and the corresponding
parameterisation by the user in a slightly simplified manner. We also name the used
methods and describe the technical components:

After the user has received introductory information in step 1, the user defines the
analysis area in step 2. This is used to clip the population grid to the area of interest.

In step 3, the user selects the infrastructure types relevant for the analysis purposes via
a checkbox for each infrastructure type.

The following step 4 allows for selection of the specific population age groups to be
considered. On the one hand, this can be the entire population. However, it is also possible
to consider only selected age groups. This expands the analysis options as, for example,
only the younger age groups can be considered when evaluating the supply situation for
early childhood education, while the older age groups could be taken into account for the
supply analysis of geriatric infrastructure. In the background, the desired age groups are
used according to the user selection from the population grid and, if necessary, summed.

Step 5: The criteria map is created at this point. Thanks to the user’s individual
parameterisations, it contains the spatial weighting [17]. Simplified: According to the
definition by the user, distant locations are less important for the supply. The innovation
here is that the user themselves decides how and where the threshold values for this run.
We use the midvalue method introduced by [38] as a stepwise distance decay function.
The user defines which threshold values apply for accessibility in order to map the supply
situation for each infrastructure. These travel-time parameters provide the basis for the
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distance-decay calculations over a street network dataset. The calculation is performed by an
instance of the open-route service (ORS). This is a freely available software for routing and
catchment area calculation by the Heidelberg Institute for Geoinformation Technology [39].
The following basic data and input parameters are required to calculate the distance decay:
The infrastructure locations for the types selected in step 3, a network dataset for routing
between the given infrastructure locations, and the populations grid cells from step 2 and 4
(calculate distances and catchment areas). Additionally, the accessibility weighting parameters
have been predefined but can also be adjusted by the user.

In step 6, the relative weights for the selected infrastructure types are defined by the
user. The relative value between the types is determined by the weighting on a scale of
0-100. With reference to Makczewski [17], the decision was made to use a ranking method
based on the ratio estimation procedure—whereby, in this case, equivalent rankings are
permitted. As Makczewski [17] also mentions, the method can be criticised for its lack of
formal and theoretical background. However, even if the accuracy of the estimation of
the criteria importance is affected, this method is suitable here as it is very quick and easy
for a user to understand. In this case, we can provide planners and decision makers with
intuitive access to MCDA methods and comprehensive map results. As described in more
detail in the following two steps, the individual values and the overall result can be traced
logically and intuitively in the final maps. The map result is much more comprehensible
for the user.

Once the user has stored the desired weights in the interface, the simple additive
weighting methods (SAW), also referred to as weighted linear combination (WLC) or
scoring methods, are implemented. The WLC process consists of the following six steps:

Defining each criterion in the form of a map layer;

Standardising each criterion layer;

Defining a weighting for each criterion;

Creating the weighted standardised criteria layers;

Generating an overall assessment by totalling the selected standardised criteria layers;
Categorising the alternatives according to the overall performance rating.

S e

After a summary of the input parameters is given in step 7, the user can finally view
the analysis results in step 8. Here, the user has various options: It is possible to view
the general supply situation (corresponding to the parameters set). This allows for the
identification of good and deficient supply situations. The optional inclusion of population
weighting makes it easier to identify deficient supply situations which affect large sections
of the population. However, the user can also analyse individual results and assess the
supply situation (and values) of each individual infrastructure type.

In the context of this web-based implementation, we refrained from an in-depth
realisation of a technical-methodical sensitivity analysis, mainly because of usability and
performance reasons. Such an analysis examines the relationship between the result
achieved and the input parameters. The aim is to show the extent to which the assumptions
made and the preferences of the decision maker have an influence on the result. The
sensitivity analysis can therefore be used to deal with uncertainties in the weighting or
the design of alternatives and criteria values. On the other side, the parametrization
and the resulting representation of such an analysis is complex and would overburden
the user interface of our web application. Further, practical tests have showed that the
calculation times of a sensibility analysis would not be acceptable in the context of such a
web application. However, if the influence of a specific input parameter is to be analysed, a
manual procedure allows for the user to switch back to step 3, influence criteria, change
weights and thresholds, and explore the effects in an iterative process.

After we work out the details of the analysis process, we will discuss the implemented
user interface and the analysis results in the following section.
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Figure 3. Workflow of the analysis process in interaction with the user interface.
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4. Prototypical Implementation

It is important that the user has the widest possible range of settings at their disposal
to solve the decision problem flexibly and independently. This requires that the user is
well guided through the decision-making process (clear and structured visualised process),
that they can carry out modifications in each process step (parameter adjustment on
the backend models), that they know about the consequences of the settings and model
influences (description and notes in our interface), and that they can archive the results and
reload the calculation at any time. This shall be illustrated in the following example. Here,
we assume that a planner wants to designate a new development area for single-family
houses in a rural area outside a large city. The planner wants to be supported in viewing
potential alternatives of priority areas according to the self-defined preferences.

4.1. User Interface and Parameter Control

At this point, we would like to present the setting options mentioned in the previous
sections using a potential application example with the user interface. The MCDA runs
through the following eight steps. The corresponding tab in the user interface can be seen
in Figures 2 and 3:

e  Step 1—Start analysis or load existing analysis: If the user has already performed an anal-
ysis, the parameters of the performed analysis can be reloaded. The parameters are then
reloaded into the analysis. Otherwise, they can perform a new analysis (Figure 4, left).

Step 1: Start analysis or load existing analysis /\  Step 2: Choose study area A\

The 'Decision Support’ tool considers the supply situation in Please select a study area from one of the lists.
services of general interest according to your self-selected
criteria.

Select own area

As a result, you receive various layers on the supply
Hold down the Ctrl key and drag open a map window for

the area selection!

situation. These can be used, for example, to assess the
supply situation, analyze demand, and identify structural
spatial differences.

Load saved analysis Start new analysis

Figure 4. Step 1 and step 2 of the user interface.

e  Step 2—Select study area: The user can select their study area via area selection in the
map window (Figure 4, right).

e  Step 3—Select relevant infrastructures: According to their decision problem or analysis
objective, the user can add the relevant infrastructures/criteria to the analysis. This
forms the supply side mentioned in Section 3.2 (Figure 5, left). In this analysis example,
only the infrastructure types relevant for the purposes of the study are selected from
the categories local supply, health, and education (user and analysis preference).

e  Step 4—Select age groups of the population to be considered: The user selects the
population groups that need to be considered in the analysis (age of people in family
formation phases and the age of children). This selection might not be relevant for all
decision problems (Figure 5, right).

e  Step 5—Accessibility calculation: The user specifies the mode of temporal distance
calculation over the road network (car, public transport, foot), defines the distance of
undersupply (for simplicity we have preset recommendations), and the weighting of
the supply line as a function of distance. All values are preset and can be adjusted by
the user (Figure 6, left).
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Step 3: Relevant infrastructures /N Step 4: Select population's age group N\
Please select infrastructures that you want to include in the Select the population’s age groups at the place of residence
analysis: that you want to consider for the analysis:

Local supply N\ Total population A4
Supermarkets DVAN standard population groups A
Discounter 0-9 years
Other grocery stores 10-19 years
Health v 20-39 years

40-59 years
Education A Yy

60-79 years

Nurseries

Primary schools
Secondary level 1
Secondary level 2

ab 80 years

DVAN population groups for daycare and schools A4

The school structures and the type of school in Lower
Saxony can be found at the following Link.

=]

Figure 5. Step 3 and step 4 of the user interface.

Threshold Health

Threshold Education

Back

Step 5: Accessibility calculation /\  Step 6: Weighting A\
Minimum accessibility standards (travel distance/travel It is possible to assign individual weightings to determine
time) to facilities and services of general interest ensure how important each infrastructure should be in your
nationwide supply coverage. analysis.

If the corresponding threshold values are reached, it can You can assign values between 0 and 100 using the slider.
be assumed that there is an undersupply. Likewise, the Please note that a value of 0 means that the infrastructure
quality of supply increases the shorter the travel distance is not included in the analysis.
from the place of residence to the infrastructure.
Recommended values are already stored for the selected Weighting Local supply N\
infrastructures. They apply to accessibility by car. The
i Y apply i ioility by . Supermarkets
preset travel times can be adjusted for demand-oriented
simulations. .
Discounter
Explanation of the adjustment of travel times v
Means of transportation vV .
Threshold Local supply A Other grocery stores 50
Supermarkets A '5
very good supply situation 4 . Weighting Health N/
A 1
il Weighting Education v
good supply situation till 5 min
[re<]
sufficient supply situati
: pply situation ~ P
till
deficient supply situation
) pply st ! 2 min
till
Discounter A4
Other grocery stores N/
v
N/

Figure 6. Step 5 and step 6 of the user interface.
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e  Step 6—Weighting: The user sets the relative importance of the selected infrastructures
to each other by sliders with values between 0 and 100 (Figure 6, right).

e  Step 7—Summary: The user receives an overview of the settings made. After checking
and possibly adjusting the parameters, the analysis can be started and the parameters
are passed on to the backend (Figure 7, left).

e  Step 8—Results: After a calculation time of a few seconds (depending on the size of
the study area; Figure 7, right) the calculation results of the entire supply situation
are displayed in a 100 x 100 m grid on the map (Figure 8). It is also possible to
view the map results as a heat map instead of a grid and the results of the individual
infrastructures with the individual spatial weighting limits from step 5. It is easily
conceivable to go back to change parameters and run the analysis again. The possibility
to export parameter settings makes it possible to keep an overview of the different

calculations.

Step 7: Summary of input values /\  Step 8:Results /\
You have stored the following settings which are used for the You will get a map that shows a spatial coverage level of the
calculation: settings you selected.

fi r 7 /| r
Summary Local supply A For each selected infrastructure, you will receive a map layer
that can be activated and that shows the accessibility
Infrastructure on/ Weight according to the distance zones stored. You can select the
off map layers individually for a detailed analysis via the drop-
Supermarkets 100% down list.
Discounter 80% ( ,
Other grocery stores 50% The result will be ready shortly...
Summary Health N4
Meth | | ns
Summary Education N Methodological explanations A4
Click on "Start analysis" to start the calculation or on "Back Back
to adjust your settings.
The calculation is available after a few moments.

Figure 7. Step 7 and step 8 of the user interface.

4.2. Analysis Results

The resulting map visualisation (Figure 8) can be displayed in grid cells or as a heat
map. The map example in the upper part of the figure shows the supply situation according
to the selected infrastructures, parameters, and restrictions in a colour ramp from green
(good) to red (bad) in a grid representation with an edge length of 100 metres. A ranking
of the cells can also be derived as the characteristic values of each grid feature take on
values from 0 to 100. The value 100 (green) can only be reached for a cell if all selected
infrastructures (step 3) from this cell have the best accessibility (step 5 has very good supply
situation until 2 min). Another comparative visualisation option is the heat map, as shown
in the lower part of the figure. Although values are represented much less accurately, the
advantage is that spatial distribution patterns (e.g., hotspots) are better visualised. The
user can switch between the two visualisations. Now, the planner has the possibility to
readjust parameters in the user interface. After completing this process, the planner can
identify suitable residential areas according to their preferences and model parameters. The
map will help to recommend the most suitable areas. In our example of the designation of
new development areas for single-family homes, these can now be located near the areas
marked in green, as this is where the supply situation is best according to the settings made.
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3 Seep2:Choose suudyeres v
Step 3: Relevan infrascruciures v
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supply situation |+ |

The respective representation can be further
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andlor represented 5.2 heat map map.

Add 1o map window:

Population weighted representation
B Heatmap representation

Methodological explanas

Figure 8. One of the many options for analysing the result of an area of interest. The better the
suitability of the area, the stronger the shade of green. Above: criteria map of the overall result.
Below: heat map showing only the suitability areas in green.

Sections 4.1 and 4.2 presented the planning case support in the designation of settlement
areas. However, we would also like to use Figure 8 to establish a link to the use case
review of basic and (partly) centralised provision. In the figure, we have used a blue symbol to
represent municipalities with function in medium supply (circle) and municipality’s with function
in basic supply (triangle). As can be seen in the map, the location, which from a planning
perspective should fulfil the function of basic supply, is valued in practice (or at least in the
analysis) with a rather low supply performance. In this context, other municipalities that
have not been designated as “central” in planning appear to be better connected in terms of
supply (in this case better connected to discount stores, supermarkets, pharmacies, general
practitioners, kindergartens, primary schools). Planners tasked with this analysis would
certainly define different parameters, criteria, and distance weightings for the accessibility
of infrastructure. The statement may therefore not hold up to specialist viewpoints. With
this example, however, we want to demonstrate the technical and analytical possibilities.
The aim is to demonstrate the methodological diversity thanks to flexible customisation
options. The example thus serves as a showcase for the developed tool, which is useful for
a wide range of applications in the spatial planning context.
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5. Conclusions

This paper presents a novel approach to public service planning that combines MCDA
with GIS customised for web applications. This integration is characterised by its potential
to improve decision-making processes in the provision of public services, as it provides a
user-friendly interface that does not require in-depth technical knowledge.

The introduced MC-SDSS allows for planners to independently analyse complex
decision problems in public services with a centrally provided web system. A major
advantage of the online system is that the planners no longer have to spend time on
preliminary data search and integration or build complex methods and models themselves.
The application gives users many options to select criteria and make adjustments without
having to be an expert in data handling, GIS, or decision support systems. The user interface
guides through the well-structured process and the setting options.

The efforts in the preparation of the required data and in the implementation of the
software are relatively high. Therefore, the initial investment of time and technology
to provide such a system within an administration is very high. However, we believe
that such a tool offers strategic benefits that by far outweigh the set-up and operating
costs. The efforts are worthwhile, especially if the social or political pressure due to social
transformation processes (demographic change, shortage of human resources, etc.) is strong
and the system is frequently used by many planners in different regions. The updating of
existing data should always be performed centrally and with a high degree of automation
in order to keep operating and maintenance costs as low as possible. This is also the main
limitation if the system is to be transferred to another region: The availability of the data
must be ensured and the initial costs are quite high in order to harmonise and integrate the
data. For the planning context, the existing user setting options are so variable that no major
interface adjustments need to be made in another region. Any changes in other regions that
might be necessary at the user’s request would affect calculation parameters and methods.
The effort required then depends on the type of change desired. The application is designed
for planning issues and analyses relating to the evaluation of public services. Transferability
to other issues is not considered in this application proposal.

This implementation makes it possible to determine and evaluate the supply situation
in a map representation in short time (several minutes). Thanks to the MC-SDSS approach,
the supply situation can be analysed according to the planner’s professional background.
This enables decision makers to make the following decisions depending on the use case:

e  Which areas/cities/towns/villages have the lowest supply according to the criteria
set and, therefore, require funding?

e  Are the designated regional supply centres for the population fulfilling their supply
task, or have other centres emerged as a result of free market principles (freedom of
location)?

e If new settlement areas are built, where can these be planned without having to
build new infrastructures for services of general interest because existing ones can be
better utilised?

The application of MCDA methods should not be explicitly understood as an exclu-
sively technical and automatic process, and the decision should not be taken away from
the responsible planners or decision makers. The task of this tool is to inform about the
supply situation and to compare the situation at different locations using a criteria map.

6. Outlook

In the future, we plan to include functionalities that support the management and
comparison of different (potentially fictive) planning scenarios. Further, the analysis
results shall be represented in a population-weighted fashion. There are many possible
solutions to address this problem, as the population weights in the grid cells are very
inhomogeneous (from one to several hundred inhabitants per cell). However, to improve
this functionality we have to consider the planners’ preferences, which have not yet been
clarified. Furthermore, we believe that such an MC-SDSS can only be one part of a more
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complex analysis landscape for planners and should be complemented by further specific
analysis or planning tools. Usually, it is the sole task of the state or a regional planner
alone to reflect on the identified supply deficits. The infrastructural decision is often left to
specific planning domains such as health planning, education planning, retail, etc. In the
future, this tool could therefore be a starting point for integrating other planning domains
to enable an interdisciplinary integrated planning. For the health domain, we have already
proposed a planning tool providing such analysis based on the two-step floating catchment
area method (2SFCA) [40]. We expect new, interesting use cases for the spectrum of public
services planning by joining web-DSSS and 2SFCA with more location-allocation-based
components, as has been performed in [41].
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