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Abstract
This paper demonstrates an approach to the problem of mi-
cro-scale analysis of medical service provision in Germany. Re-
search focuses include estimating population dynamics, map-
ping access to medical facilities and identifying spatial pat-
terns in medical service provision. We applied the Enhanced
Two Step Floating Catchment Area method to quantify changes
in access to primary care physicians over a period of eleven
years. Our study reveals that overall access is modestly ris-
ing, but significant spatial disparities exist between different
regions of Germany. We describe both supply and demand is-
sues behind the observed changes in access. As a key result, we
identify four types of regions with differing access-population
dynamics. Our main conclusion on the topic of medical service
provision is that spatial planning is facing a multi-dimensional
problem rather than a one-dimensional one, and that access
to services depends on a combination of factors. Concerning
differences between rural and urban regions, we find that that
there is no general positive or negative trend for either.
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Kleinräumige Zugänglichkeit zu medizinischen
Dienstleistungen: Dynamiken bei Angebot und
Nachfrage in Deutschland

Zusammenfassung
Dieser Artikel zeigt einen Ansatz zur Lösung des Problems
der kleinräumigen Analyse der medizinischen Versorgung in
Deutschland. Die Forschungsfragen umschließen eine Schät-
zung der Bevölkerungsdynamik, die Kartierung des Zugangs zu
medizinischen Einrichtungen und die Identifizierung räumli-
cher Muster in der medizinischen Versorgung. Wir verwenden
die Enhanced Two Step Floating Catchment Area-Methode,
um Veränderungen in der Zugänglichkeit zu Hausärzten über
einen Zeitraum von elf Jahren zu quantifizieren. Unsere Studie
zeigt, dass die Zugänglichkeit insgesamt leicht steigt, aber sig-
nifikante räumliche Disparitäten in verschiedenen Regionen
Deutschlands bestehen. Wir analysieren sowohl die Angebots-
als auch die Nachfrageseite hinter beobachteten Veränderun-
gen der Zugänglichkeit. Als zentrales Ergebnis identifizieren
wir vier Arten von Regionen mit unterschiedlichen Zugänglich-
keits-Bevölkerungs-Dynamiken. Unsere wichtigste Schlussfol-
gerung zum Thema medizinische Versorgung lautet, dass die
Raumplanung eher vor einem multidimensionalen als einem
eindimensionalen Problem steht und dass die Zugänglichkeit
zu Dienstleistungen von einer Kombination von Faktoren ab-
hängt. Hinsichtlich der Unterschiede zwischen ländlichen und
städtischen Regionen stellen wir fest, dass es jeweils keinen
allgemeinen positiven oder negativen Trend gibt.

Schlüsselwörter: Zugänglichkeit � medizinisches
Dienstleistungsangebot � Bevölkerungsentwicklung �

medizinische Grundversorgung � Raumplanung

322 Raumforschung und Raumordnung | Spatial Research and Planning � (2024) 82/4: 322–337

https://doi.org/10.14512/rur.2278
http://orcid.org/0000-0002-2839-6604
http://orcid.org/0000-0001-8420-7233
http://orcid.org/0000-0002-7498-3607


Mapping access to medical service provision at micro-scale: Dynamics in supply and demand in Germany

1 Introduction
As a key element of the welfare state, service provision
(Krings 2020) is currently gaining political relevance, es-
pecially in the discourse on deprived regions (abgehängte
Regionen) that lack or are considered to lack sufficient ser-
vice provision (Weingarten/Steinführer 2020: 654). Service
provision (Daseinsvorsorge) encompasses those services of
particular public interest (Einig 2008: 17). The service facil-
ities are provided and run by public, private and welfare-ori-
ented actors (Weingarten/Steinführer 2020: 656). For spa-
tial planning, a key task is to ensure the strategic location
of public facilities within a network of cities and towns,
thus providing access (Zugänglichkeit) to them for the po-
pulation (Seisenberger/Reiter 2022: 218). Hence, planning
requires knowledge and objectives on national guidelines,
regional provision and local access.

It is important to distinguish between different forms of
access to services, as often the term accessibility is used in
a similar way. In broader terms, accessibility refers to the
physical ability to reach a service or the expenses linked
to doing so, e.g. travel distance or costs (see Neumeier/
Osigus 2024 for a conceptual overview). Penchansky and
Thomas (1981: 128) define the broader concept of access
as a “degree of fit” between the clients (the general popu-
lation) and service providers (e.g., hospitals, doctors, clin-
ics) in a healthcare system. According to their definition,
accessibility is one of five dimensions of access, which
also include availability, accommodation, affordability and
acceptability. Regarding spatial planning, accessibility and
availability stand out as the more influential dimensions of
access (Khan/Bhardwaj 1994; Guagliardo 2004: 2). In this
context, accessibility describes only whether a service fa-
cility can be reached in a certain amount of travel time or
not, whereas availability refers to the capacity of a service
a person can utilize at a particular facility. In this paper,
we analyse accessibility as well as availability of services,
which is why the overarching term access is used to de-
scribe both dimensions at the same time.

Access to health services, with medical facilities as a key
element, is considered a corner stone of service provision
(Steinführer 2015; Krings 2020). But demographic changes
and labour shortages pose challenges to ensuring service
provision in both rural and growing urban areas (for media
coverage see e.g. Nützel 2023; Olivares/Kohler 2023). As
a point in case, access to primary care physicians (Haus-
arzt) in rural areas follows current demographic shifts. In
contrast, rapidly growing urban agglomerations face rising
demand and limited capacities to adapt. Both dynamics chal-
lenge the welfare state’s role in facilitating equivalent living
conditions (Gleichwertige Lebensverhältnisse). Subsequent
concerns and fears of deprivation are leading to a strong

public and academic debate (Weingarten/Steinführer 2020:
653), which also has great implications for spatial planning
in both rural and urban settings, demanding solutions for
future service provision. However, despite such engaged de-
bate, there is a lack of broadly available spatial information
on the status and change of access to service provision.
Hence, new approaches are needed for an informed debate
on current local, regional and national trends with the aim to
develop policy measures (Seisenberger/Pajares/Hecht et al.
2023: 128).

Current research focuses on the crucial aspect of access/
accessibility to medical facilities (Stentzel/Piegsa/Fredrich
et al. 2016; Bauer/Maier/Müller et al. 2018; Jörg/Lenz/Wetz
et al. 2019; Tali/Nazir/Ul Shafiq 2022). To evaluate spatial
access to medical facilities, gravity-based models are used
to map the interplay of accessibility and availability. Two
conceptual developments have emerged for this purpose
(Stacherl/Sauzet 2023: 4): the Two-Step Floating Catch-
ment Area (2SFCA) method and the Kernel Density (KD)
method. The 2SFCA method and the enhanced version of it
(the so-called E2SFCA) are well-established ways of mea-
suring spatial access to all sorts of facilities, especially in
medical service provision including primary care physicians
(Luo/Qi 2009; McGrail/Humphreys 2009; Langford/Higgs/
Fry 2016; Tali/Nazir/Ul Shafiq 2022). One disadvantage of
using the E2SFCA method is that competition on the sup-
ply side is not considered (Wan/Zou/Sternberg 2012; Chen/
Chen/Lan et al. 2023). Also, these approaches to analyse the
supply and demand of medical services face particular chal-
lenges concerning data availability (Pajares/Büttner/Jehle
et al. 2021; Seisenberger/Pajares/Hecht et al. 2023). There is
also an implicit gap between modelled and perceived spatial
access to medical services (Baier/Pieper/Schweikart et al.
2020: 1), which calls for greater sensitivity in planning.

For medical care in Germany, the legal definition of
demand is based on the ratio of inhabitants per physi-
cian or medical specialist within an administrative area
(Krügel/Mäs 2023: 2). Krügel and Mäs (2023) also point
out that there is a general risk that the predefined admin-
istrative zones for formal demand planning do not match
the daily needs of changing populations within actual
settlement structures. Furthermore, when it comes to de-
scribing supply and demand spatially, relevant information
on various scales, i.e. from local individual access to re-
gional administrative zones and national policy making, is
not available. While specific solutions for data have been
tested, an overall national approach that could also provide
constant monitoring is not available. GIS tools may be
a possible solution to fill this gap (Seisenberger/Pajares/
Hecht et al. 2023: 128).

Describing and monitoring access to facilities requires
data for three elements of access: information on spatial
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Table 1 Datasets used

Dataset Spatial resolution Availability Reference
Official Census 100m grid 2011 Statistische Ämter des Bundes und der Länder (2018)
Building footprints
(HU-DE)

Individual 2D building
shapes

2011, 2022 (not released) Bundesamt für Kartographie und Geodäsie (2012b)

Address points
(HK-DE)

Point data 2011, 2022 (not released) Bundesamt für Kartographie und Geodäsie (2012a)

LoD2 buildings
(LoD2-DE)

Individual 3D building
shapes

2022 (not released) Bundesamt für Kartographie und Geodäsie (2021)

Physician locations Point data 2011, 2022 (not released) Kassenärztliche Bundesvereinigung (KBV) (2023)
OSM road network Line data Snapshot 17.11.2022 OpenStreetMap Contributors (2022)
RegioStaR7 Regional 2022 Bundesministerium für Digitales und Verkehr (2021)

connectivity via transport infrastructure, changes in popula-
tion distribution, and the location and capacity of medical
facilities. Analysing these elements at a national scale poses
challenges, as authoritative micro-scale population data in
Germany (e.g. census data) is infrequently updated. To over-
come this limitation, a viable solution to generate synthetic
population data is offered by micro-scale population esti-
mates utilizing dasymetric mapping techniques that incor-
porate building data (Hecht/Herold/Behnisch et al. 2019: 2;
Schug/Frantz/van der Linden et al. 2021: 2; Reiter/Jehling/
Hecht 2023: 1). However, data on medical facilities is avail-
able only on request, as information on their location and
capacity is subject to data privacy regulations. Following
the conclusions of Neumeier (2016: 357), it is crucial to
provide an approach capable of addressing these challenges
that provides small-scale spatial information for stakehold-
ers in medical and spatial planning and the general public.

This study aims to apply a geospatial approach to en-
hance spatial knowledge for service provision planning, fo-
cusing on mapping at the different scales relevant for plan-
ning and analysis. Primary care physicians are used as a case
study. We ask the following research questions: How can
population dynamics be estimated at an appropriate spatial
scale to measure changes in demand? How can access to
medical facilities be mapped? Which spatial patterns and
trends emerge for medical service provision in Germany?
As a key element, the study demonstrates a method for
estimating population change on a micro-scale. Utilizing
obtained official data on primary care physician capacities,
an access measure is applied to describe spatial trends in
service provision in Germany.

The paper is organized as follows. First, we introduce
our artificial intelligence (AI)-based micro-scale population
estimation method and our approach to access mapping,
considering relevant research in spatial and transportation
planning. Subsequently, we present results through a series
of maps illustrating changes in supply, demand and access

to medical services from 2011 to 2022, which we reflect on
subsequently in the discussion.

2 Methods and data
The methods are divided into two main parts. To begin with,
we introduce the data and software used in Section 2.1.
Then, we describe how we model the missing demand side
for the current state of 2022 by estimating population data at
the micro level with national coverage (Section 2.2). Based
on the latest available census data from 2011 and the build-
ing model from the same year, an AI-based model is trained
that predicts the current population based on a building
model from 2022. Following this, we proceed with the ac-
tual access mapping, analysing the relationship between the
supply side (exemplified by primary care physicians) and
the previously modelled demand side (Section 2.3). For this
purpose, we chose to apply a gravity-based model from the
Two-Step Floating Catchment Area (2SFCA) method fam-
ily, which is very commonly used in spatial healthcare anal-
ysis (Stacherl/Sauzet 2023: 19). Lastly, in Section 2.4 we
briefly introduce the spatial typology used for analysis.

2.1 Data and software

For the population estimation, various basic datasets are
utilized. Thus “official house perimeters” (HU-DE, see
Table 1) consisting of 2D building footprints without
any additional geometries, roofs or underground building
parts are combined with “official house coordinates” (HK-
DE), which provide a (mostly) unambiguous allocation
of the building footprints to the underlying cells of the
census (Reiter/Jehling/Hecht 2023). Additional building
information, especially usage and volume, are linked to the
footprints from a 3D building model (LoD2-DE), which
consists of standardized building representation forms,
including roof shapes.
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Figure 1 Schematic workflow for population estimation

Processing and analysis are undertaken using the fol-
lowing software: ArcGIS Pro 3.1 for the dasymetric map-
ping, building feature calculation and resampling of grids;
QGIS 3.22, including ORS plugin for the catchment zone/
isochrone calculation for physician locations; Python 3.9,
including the packages numpy, xgboost, sklearn, pandas,
geopandas and pyogrio for the AI-based population estima-
tion, E2SFCA analysis and difference + grid calculation;
RStudio (version 2023.09.0+463) for distribution analysis
by regional type.

2.2 Micro-scale population estimation

In order to map changes in access, it is important to first
quantify changes in population. For the initial year of 2011,
official census data for Germany is available. For the year
2022, there is no census data and, to the best of our knowl-
edge, no other quality data source that is spatially and tem-
porally appropriate for the necessary fine-grained mapping
of population changes in Germany. The 2022 population
therefore needs to be estimated using ancillary information.
As a solution, we demonstrate an approach leveraging tradi-
tional dasymetric mapping as well as AI-based methods to
estimate population based on the building stock. Figure 1
shows the workflow, which is subsequently explained in de-
tail.

2.2.1 Data preparation and dasymetric mapping
For 2011, the 100-m-gridded census population is remapped
to individual building footprints using a dasymetric ap-
proach. For this purpose, the 3D building volume is used as
a mapping factor, whereas the spatial assignment of build-
ings to cells is undertaken with address point data (Reiter/
Jehling/Hecht 2023). From the resulting basic dataset, all
inhabited buildings in Germany are selected and addition-

ally enriched with multiple building-related features. These
features consist mainly of building-form-related values:
building area, building volume (from the LoD2 model),
ratio of minimum bounding rectangle to area, length and
width of the minimum bounding rectangle, distance to next
building, shape index, orientation, number of nodes (of the
footprint) and the building usage (from the LoD2 model).
These parameters are chosen based on Hartmann/Behnisch/
Hecht et al. (2024: 221) and because they are more or less
directly available from the input footprints/LoD2 model.
They offer a good solution for representing a building as
a table of values that describe its basic form. In the next
step, a machine learning algorithm is used to learn the
relations between these building features and the mapped
number of inhabitants.

2.2.2 Machine learning model for population
estimation

For the task of population estimation based on relations
between building features and the number of inhabitants,
we identified eXtreme Gradient Boosting (XGBoost) (Chen/
Guestrin 2016) as an appropriate framework. XGBoost is
a tree-based machine learning algorithm that builds a series
of small decision trees sequentially, each one improving on
the errors of the previous ones. This algorithm is one of
the best suited to tabular data of the sort that we use here
(Grinsztajn/Oyallon/Varoquaux 2022: 1).

Initially, we provide about 53 million individual build-
ings as training data. Before doing parameter tuning and
training, 5% of this data is randomly picked as a valida-
tion set. Optimal parameters are then determined by using
a grid search approach on the remaining 95% of data. The
parameters to be optimized, as well as our final selected
values for them, are shown in Table 2. Then, a training/
test split of 80/20 is used to train the final model with the

Raumforschung und Raumordnung | Spatial Research and Planning � (2024) 82/4: 322–337 325



D. Reiter et al.

Table 2 Optimal XGBoost model parameters

Model parameter Description Final value
max_depth Maximum depth of a tree 6
min_child_weight Minimum sum of instance weight (hessian) needed in a child 1,000
subsample Subsample ratio of the training instances 1
colsample_bytree Subsample ratio of columns when constructing each tree 1
learning_rate Step size shrinkage used in update to prevent overfitting 0.1
gamma Minimum loss reduction required to make a further partition on a leaf node of the tree 0
alpha L1 regularization term on weights 0.1
lambda L2 regularization term on weights 100
Source of description: https://xgboost.readthedocs.io/en/stable/parameter.html (26.10.2023)

optimized parameters, which is also validated using the 5%
validation set picked earlier. The final trained model is then
suited to estimate population for any year where accordingly
pre-processed building footprint data is available. For this
paper, we chose the year 2022 as our temporal reference
and used our model to estimate the population for that year
accordingly.

After deploying the population estimation model, a cor-
rection factor is applied to the estimated values. We sum-
marize the estimated population for each municipality and
compare it with the newest official population figures from
the Federal Statistical Office. We then divide the difference
between those figures by the number of inhabited buildings
and add/subtract the resulting constant to each estimated

Figure 2 City-block-based evaluation results. Left: histogram of difference in population per hectare
on city block level, mean (red line) = 1.5, median (blue line) = 12.6. Right: visual comparison reference
data to estimated values, normalized by block area [p/ha] Source: OpenStreetMap Contributors (road
data)

value in that municipality. Thus, the population estimates
always correspond exactly to the official statistical figures
on the municipal level. In this case, the most recent available
official population data is dated to 31.12.2021 (Statistische
Ämter des Bundes und der Länder 2021).

To validate the results of the model, we compare them
with small-scale reference data available for the City of
Munich (as of 2023) at city block level, for blocks where
estimated data is present. The results are shown in Figure 2.
We analysed the difference in population divided by block
area (in hectares) to account for the fact that there are several
large but sparsely populated blocks and also several small
but densely populated blocks. Testing results in the very
limited area of only one city and also with a mismatching
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Figure 3 Schematic workflow for physician access calculation

Figure 4 Example of an individual physician location and cor-
responding isochrones/catchments within the city of Munich
Source: openrouteservice.org by HeiGIT (isochrones); OpenStreet-
Map Contributors (road data).

reference time period indicates that the model seems to per-
form adequately well on the task. Generally, there is a slight
bias towards over-estimation noticeable in the model, espe-
cially in higher populated areas in the city centre, whereas
there is more of a tendency for under-estimation in the out-
lying blocks. Overall, these effects mostly even themselves
out. The best results are achieved in the suburban parts of
Munich.

The total number of estimated inhabitants differs by
3.3% (1.53 million according to official statistics from
2023 vs. 1.48 million estimated for 2022). 45% of all city
blocks are within +- 25% range of the values from the
official statistics, 75% are within +- 50%. Possibly, if we
could compare our estimations with reference data from

a closer point in time, we suppose that the results would be
slightly better: the difference between the statistical year we
capped our model estimations to (2021) and the reference
year (2023) is definitely an error source.

2.3 Mapping access to primary care
physicians

The data on primary care physicians includes not only
their spatial locations, but also the total amount of work-
ing time or “Full-time equivalent” (FTE) provided. One
full-time equivalent equals one person working for 40
hours a week. The main method used for calculating the
access is the Enhanced Two-Step Floating Catchment Area
(E2SFCA) method (Luo/Qi 2009). It is commonly used
in medical geography (Jörg/Lenz/Wetz et al. 2019: 17)
and generally well-suited for mapping access to services
of general interest (Seisenberger/Pajares/Hecht et al. 2023:
130). A schematic workflow of the entire process is shown
in Figure 3. Due to technical reasons, all of the follow-
ing processing steps are implemented individually on the
level of the 16 federal states of Germany. To ensure that
cross-border relationships between states are included in
the analysis, each state including physician locations and
population is buffered by 50 km just for the calculation
and the results are clipped to the actual extent of the state
afterwards.

In the next step, four general graduations/catchment
zones of access are defined, which are later needed for the
calculation of distance decay: 5, 10, 15 and 20 minutes,
with car travel being the mode of transport (see Figure 4).
The maximum value of 20 minutes is defined following the
limits indicated by the Landesentwicklungsprogramm Bay-
ern (LEP) (Bayerische Staatsregierung 2023: 39) and the
Federal Office for Building and Regional Planning (BBSR
2023: 6). This step considers that people farther away from
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any given facility have less accessibility to services than
those located closer.

The four catchment zones are represented by isochrones
generated using the OpenRouteService (ORS) (HeiGIT
2023). This service calculates network-based driving times
based on the OpenStreetMap (OSM) road network (see
Table 1) for different modes of transport. For our analysis,
we use the “Isochrones from point”-functionality provided
by the ORS-Tools plugin for QGIS. The profile for the
mode of transport is set to car travel, with the range set to
time dimensions of 5, 10, 15 and 20 minutes. The same
network is used for calculations for 2022 and 2011, since
there is no suitable network snapshot available for 2011.

Data preparation for the actual access mapping begins
with summarizing the full-time equivalents of primary
care physicians at any given location. Dissolving these
points prevents the double processing of locations. For
every obtained primary care physician location, the popu-
lation within each of the four catchment zones is weighted
and summarized. The weights are derived by fitting the
subzones into a Gaussian distance-weighting function fol-
lowing Jörg/Lenz/Wetz et al. (2019: 29), resulting in 0.93
for 5 minutes, 0.57 for 10 minutes, 0.21 for 15 minutes and
0.05 for 20 minutes. By dividing the full-time equivalents
at each physician location by the weighted population, the
supply-demand ratio in FTE/person is calculated. Thereby,
it is important to note that the calculated amount is a the-
oretical maximum, since competition between individual
physicians is not considered.

Then, for each population location (e.g. individual build-
ings), the supply/demand ratios of all accessible physicians
from this location are weighted depending on the catchment
zone and then summarized again, using the same zones and
weights as before. The result is the weighted supply/demand
index (WSDI), i.e. the sum of all accessible weighted FTEs/
person for each population location. The value is then con-
verted to available working minutes per physician in one
year by multiplying the WSDI by 105,600 (since 1 FTE =
40 h/week x 44 weeks x 60 min = 105,600 working min-
utes per year). We name this value Minutes and it should
be understood as the theoretical maximum amount of time
any person can spend at primary care physicians in a year
(within a maximum travel distance of 20 minutes by car).
The higher the value, the better the access to service pro-
vision. We apply this additional step because the Minutes
value is a more understandable unit for the reader than the
underlying basic WSDI, which only contains very small
values.

Then, the Minutes of each individual population location
(e.g. buildings) are summarized into a grid with 100 m
resolution by calculating the mean for all buildings within
a cell. The cell in which a building is located is determined

by its address point location. This step is necessary because
the buildings of 2011 do not exactly match the buildings
of 2022 (due to construction or demolition of buildings).
The entire process is applied identically for the years 2011
and 2022, respectively. Finally, the dynamic in service pro-
vision is derived by comparing both grids cell-by-cell. The
resulting grid with the Minutes, population and FTE values
is also made available for download (Reiter/Jehling/Hecht
2024).

For optimized analysis and visualization on different spa-
tial levels and to emphasize the scalability of the approach,
the data is additionally aggregated to raster levels of 1 km
and 10 km resolution. The basic raster with 100 m resolu-
tion is suited for local analysis, for example on the level
of an individual city, while 1 km is more appropriate for
regional analysis (a federal state) and 10 km is intended for
nationwide application. To this end, the values of the 100
m cells are summarized. For population, full-time equiva-
lent and their absolute differences, the sum of all 100 m
cells within a 1/10 km cell is calculated, for the respective
relative values the mean is used when summarizing.

2.4 Spatial typology

To analyse the results produced by this method, we differen-
tiate between different regional types. For this purpose, we
use the subset Combined Regional Statistical Spatial Type
taken from the Regional Statistical Spatial Typology for Mo-
bility and Transport Research (RegioStaR7; Bundesminis-
terium für Digitales und Verkehr 2021). The key importance
of this typology lies in the definition of urban (metropo-
lis, regiopolis and large city, medium-sized city/urban area,
small-town area/village area) and rural regions (central city,
medium city/urban area, small-town area/village area).

3 Results
The analysis reveals Germany-wide dynamics in access to
primary care physicians. Looking at the national average for
non-zero cells in the 100 m grid, the measure of accessi-
ble physician time for each individual person rose from 58
Minutes in 2011 to 63 Minutes in 2022, which corresponds
to an increase of 8.6%. The median for both years is 60
Minutes. At the same time, total population only increased
by 4.8%, whilst the total number of full-time equivalents
increased by 4.5%.
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Figure 5 Absolute change in population (left) and full-time equivalents (right) between 2011 and 2022, quartiles

3.1 Changes in population, full-time
equivalents and access

Looking at the change in population (Figure 5), it can
clearly be seen that there are centres of growth in the south-
ern and western federal states of Germany, as well as in
and around larger agglomerations (for example Berlin or
Hamburg). For full-time equivalents (Figure 5), a pattern
is not as distinctly visible. Most notably, there is a decline
in full-time equivalents in the regions northeast of Cologne
(Köln), as well as in most parts of the state of Saxony.

Figure 6 shows the results for the relative change in
access to physicians on multiple spatial scales: nationwide
(10 km, on the right), regional (1 km, bottom left) and local
(100 m, top left). Major reductions in access can be ob-
served in the regions around Münster/Paderborn (Figure 6,
marker 1) and in the triangle between Stuttgart/Würzburg/
Nuremberg (Figure 6, marker 2). Negative change is also
visible in parts of north and eastern Germany (Mecklen-
burg-Vorpommern, Brandenburg and Saxony). Interest-
ingly, the highest gains in access can be seen directly
around Stuttgart, Würzburg and Nuremberg, which sug-
gests centralization effects. Noticeable gains in access are
also seen in parts of Saxony-Anhalt (Figure 6, marker 3).
When looking at the local scale for the City of Leipzig as
an example (Figure 6, top right), the northeastern parts of
the city and surrounding municipalities show a medium
decrease, while the city centre and southern districts and
municipalities show a stable state or positive change. For
the greater region of Leipzig/Halle (Figure 6, bottom right),

patterns involving decrease in access in suburban areas and
increase in more peripheral areas are visible.

When visually separating the results based on whether
a cell is growing (population difference > 0) or shrinking
(population difference < 0) and changing the scale, problem-
atic trends in access become easily visible (see Figure 7),
e.g. growing regions with shrinking access (left map, red
colours) or shrinking regions with growing access (right
map, blue colours). Optimally, both parameters should be-
have in the same way to allow for redistribution of physician
capacity to regions where it is needed.

3.2 Dynamics in access

We then set the change in access against the change in
population to identify dynamics in access. Figure 8 shows
these key results. This approach allows problematic regions
with opposite trends in both dimensions to be separated
from regions with more similar developments.

Based on these findings, we define several types of re-
gions. The first type (“surplus in population”) includes re-
gions with supply issues, where a loss of access results
from strong population growth (Figure 8, brown colour).
The second type (“surplus in access”) consists of regions
with demand issues, where access is rising due to popula-
tion shrinkage (Figure 8, light blue colour). The third type
describes regions with a positive trend in both dimensions
(Figure 8, dark blue colour), whereas the fourth type in-
cludes regions with a negative trend in both dimensions
(Figure 8, light yellow colour).

In the southern states of Germany, we mainly see the
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Figure 6 Relative change in physician access between 2011 and 2022 (left). Upper right: a detailed 100
m raster for the City of Leipzig and surrounding areas; lower right: a 1 km raster for the greater region of
Halle/Saale and Leipzig. Markers 1-3 indicate regions with interesting developments Source (basemap):
GeoBasis-DE / BKG (2023)

Figure 7 Relative change in physician access split into growing (left, population difference > 0) or shrinking (right, population difference <
0) raster cells

first and third types, in the eastern states there is a mix
of all types. Within the Münster/Paderborn region, the first
type dominates strongly. The cites of Berlin, Hamburg and

Munich, where there is the strongest influx of population,
are of the first type.

When looking at the results for the change in access
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Figure 8 Change in population combined with relative change in
access

set against the change in full-time equivalents, we can see
a more heterogeneous pattern than before (Figure 9). The re-
sults of this mostly support the aforementioned typology of
regions. We can see that in parts of the Münster/Paderborn
region as well as in Saxony, the reduction in access is wors-
ened by a decline in full-time equivalents (Figure 9, light
yellow colours).

3.3 Changes based on regional type

To support the map-based visual analysis, we also cate-
gorize the changes in access according to the chosen re-
gional type RegioStaR7, as explained in Section 2.4 (see
Figure 10). Each cell of the 100 m raster was mapped to
this typology. We can see that in all regional types, average
access is declining. Rural regions observe the strongest de-
cline, followed by metro- and regiopolis regions. In large
and central cities, the trend is closer to 0 than in other
regional types.

For the population, it can be said that within both the ur-
ban and rural groups, the bigger the town/city, the higher the
population growth on average and the smaller the share of
municipalities with shrinking populations (see Figure 10).
It is interesting to note that medium-sized cities are growing
more strongly than central and large cities.

There is no clear trend visible for full-time equivalents,
positive and negative changes mostly even themselves out
(see Figure 10).

Between the individual federal states, some differences
are noticeable. Density plots for relative difference in access

Figure 9 Change in full-time equivalents combined with relative
change in access

(calculated on the 100 m raster level) show that in the ma-
jority of states, urban regions tend to have slightly higher
gains in access (see Figure 11). Noteworthy exceptions
are Saxony, Saxony-Anhalt and North Rhine-Westphalia,
where even in urban regions access is deteriorating. Very
interestingly, on this small scale we can clearly see that
access in most of the eastern and central states of Germany
(Brandenburg, Mecklenburg-Vorpommern, Saxony-Anhalt
and Thuringia) is evolving more positively than in the
southern parts of the country.

4 Discussion
The results enable us to draw conclusions about the dy-
namics of access to primary care in terms of provision and
demand in Germany over an eleven-year period. In more
general terms, the tested approach could be valuable in cre-
ating spatial evidence for planning across multiple spatial
scales with nationwide coverage. In contrast to more estab-
lished spatial evaluation approaches for planning processes,
which rely on predefined, administrative regions, the pro-
posed approach allows consideration of local, regional and
national relationships across the respective administrative
borders.

4.1 Indications for service provision planning

Our analytical results show that, in general, access to pri-
mary care physicians in Germany slightly increased over the
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Figure 10 Distribution of cell-level differences across urban and rural region types following the Re-
gioStaR7 nomenclature. Displayed are differences in relative access (top), absolute population (middle)
and absolute full-time equivalents (bottom). Note: for both population and full-time equivalents only
non-zero cells are analysed

investigated period of 11 years. This increase is not evenly
distributed across the spatial dimension, though. This is
in line with Weingarten and Steinführer (2020: 654), who
point out that in rural regions of Germany, the public dis-
course often revolves around the supposed “deprivation” of
these regions, especially in terms of infrastructural facili-
ties including medical services. It is therefore necessary to
further analyse this problem. Our study aims to provide an
understanding of the underlying dynamics, which are not
entirely driven by supply issues. Küpper and Peters’ (2019:
111) analysis of other indicators also supports the thesis of
rural regions not being as badly placed as often claimed in
the popular media discourse.

Dynamics in supply and demand show regional differ-
ences in rural and urban settings. We identify a lot of rural
regions where access to physicians is slightly rising due

to the fact that the population is declining faster than the
number of physicians. This does not necessarily mean that
service provision in general is sufficient in these regions,
but that people can potentially receive more treatment time
per year in terms of absolute values. In other regions, we
observe the exact opposite effect: the population is outgrow-
ing the number of physicians and therefore access is de-
teriorating and treatment time per year is dropping, even
though there are more physicians present. This is not lim-
ited to big cities, especially in southern Germany. Here,
challenges in access arise not through the distance to fa-
cilities (accessibility) but in their capacity (availability) on
a local level (Khan/Bhardwaj 1994; Guagliardo 2004: 2;
Neumeier/Osigus 2024). We also observe parallel trends in
larger cities, where access and population changes are both
positive. These conclusions show that the analysis and in-
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Figure 11 Distribution of relative change in access per rural and
urban regions by federal state. Dotted lines show the national
mean for rural and urban areas

terpretation of general service provision in rural and urban
areas should not be dealt with by using one-dimensional
approaches, e.g. change in physician numbers alone.

Generally speaking, planning for service provision is con-
sidered an important task of government and administra-
tion at multiple levels (Mause 2018; Seisenberger/Reiter
2022: 218) and is regulated in the German Spatial Planning
Law (Raumordnungsgesetz).1 However, the implementation
of such planning is not regulated. Medical service provi-
sion is also a special case in planning and needs to comply
with additional regulations. Currently, it is defined that sup-
ply of primary care physicians is measured as a simple
ratio of physicians divided by population within sharply
defined planning regions (Gemeinsamer Bundesausschuss
2023). However, this falls short of real needs and possibil-
ities in practice, as is widely confirmed by the literature

1 Raumordnungsgesetz of 22 December 2008 (BGBl. I p. 2986), last
amended by Article 1 of the law passed on 22 March 2023 (BGBl.
2023 I No. 88).

(Ahlmeyer/Wittowsky 2018; Baier/Pieper/Schweikart et al.
2020; Bukow 2021).

Concerning possible solutions to these problems on the
planning side, it is important to note that the planning of me-
dical services in Germany is currently based on a demand-
planning system (Bedarfsplanung) by law (§ 99 SGB V)2

using sharply defined zones (Krügel/Mäs 2023). There have
been various propositions for changing this approach (Sund-
macher/Schang/Schüttig et al. 2018), but no changes have
so far been implemented. With our study, we show that it
is possible to calculate a more sophisticated basis for future
planning processes with nationwide coverage, one that con-
siders real world travel times, actual physician capacity and
population distribution on a small scale. Our findings im-
ply that these regulatory measures should be complemented
by further multi-dimensional approaches to ensure that plan-
ning and, more fundamentally, policy making can anticipate
the described regional and local trends. It is also impor-
tant to highlight the possibility of transferring the proposed
approach to other planning tasks which require the consid-
eration of different scales across boundaries, as shown by
Seisenberger, Pajares, Hecht et al. (2023).

4.2 Reflections on the approach

In our study, the E2SFCA method proved a suitable method
for measuring spatial access to medical facilities. However,
the approach also has limitations, as competition on the sup-
ply side is not considered (Wan/Zou/Sternberg 2012; Ling-
wei Chen/Chen/Lan et al. 2023). Furthermore, the calcu-
lated Minutes represent rather a theoretical maximum value
of physician time to which each individual person poten-
tially has access. However, the results of the approach are
easier to understand and communicate than those of a more
sophisticated, technically superior method that may be too
difficult to interpret and communicate for real-life planning
purposes.

Due to technical limitations, it was not possible to calcu-
late access for the entirety of Germany in a single run, as
calculating everything at once exceeded the available sys-
tem memory of 256 gigabytes. Therefore, we split the data
into the 16 individual federal states of Germany. To ensure
continuity at the state borders, we buffered each state by 50
km for the calculations. Values directly at the outer borders
of Germany suffer from a cut-off-effect though, since nor-
mally there is a co-supplying relationship between neigh-

2 Das Fünfte Buch Sozialgesetzbuch – Gesetzliche Krankenver-
sicherung – (Article 1 of the law of 20 December 1988, BGBl. I p.
2477, 2482), last amended by Article 3 of the law passed on 30 May
2024 (BGBl. 2024 I No. 173).
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bouring regions (Sundmacher/Schang/Schüttig et al. 2018),
but we did not have access to data outside of Germany.

The overall quality of the population data predicted for
2022 is difficult to assess as no comprehensive reference
data is available on a large scale. Judging from the analy-
sis for the city of Munich presented in Section 2.2.2, we
assume that the quality is good enough to use the data in
this study. It seems that our model both over- and underes-
timates population in Munich, which leads to a smoothing
out of errors on an overall scale. In a more rural setting
where housing forms are not as variable, the model seems
to perform very well, which suggests the overall quality is
a bit higher than results from our testing might indicate.
Limited access to reference data on micro-scale population
thus hinders more extensive validation. Possible improve-
ments could tackle the issue of classification errors when
separating residential and non-residential buildings, which
we believe is currently the biggest source of error in the
model. There is also potential for improvement with the
dasymetric mapping by adding additional data sources that
might improve the mapping results and ultimately the model
training data.

Regarding the approach of resampling the 100 m raster to
coarser resolutions, it should be noted that this induces the
modifiable areal unit problem (MAUP) (Openshaw 1983),
which leads to slightly differing analysis results after aggre-
gating smaller areal units into bigger ones. This also affects
rasters (Lyn 2001: 43). Between the different spatial scales
presented, the values of access slightly differ when com-
paring overlying cells on different scales. We argue that the
benefits of resampling according to the optimal spatial scale
of a specific problem outweighs this effect.

The developed approach has advantages over existing
transportation planning tools (for example as shown in
Krügel/Mäs 2023) in that it combines a population estima-
tion approach with the E2SCA approach for analyses that
can be applied at different spatial scales. This allows a very
flexible application to other topics or in other areas.

5 Conclusion and outlook
Our study demonstrates a GIS-based method for the small-
scale mapping of medical service provision dynamics at
the national scale, independent of pre-defined planning re-
gions, using primary care physicians as an example. First,
we quantify changes in population by using an AI-based po-
pulation estimation model considering individual buildings.
After that, we calculate access in (theoretically) available
physician time per person for the years 2011 and 2022 and
map this in raster maps. We can conclude that access to
primary care physicians rose on an overall scale within the

observed period, but there are significant spatial disparities
noticeable.

The presented approach allows us to describe the dynam-
ics in medical service provision for the entirety of Germany
independent of regional bias across spatial scales. Our re-
sults suggest that service provision planning is not facing
a one-dimensional problem. The trends we identify do not
follow a common spatial typology, different regions are seen
to be highly heterogeneous in their development of both sup-
ply and demand. As a result, it is likely that the traditional
demand-planning system needs to be reformed to accom-
modate this knowledge. This could be of great importance
for planning the implementation of new, digital forms of
service provision or the re-structuring and concentration of
facilities. Our method could provide a solid base for a bet-
ter, evidence-based monitoring strategy in service provision
planning, not only for medical services, but also for other
types of facilities, which are key for service provision.
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