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 New Methods for Deriving RIs: Applications in the Case Studies 

We will now consider in-depth examples from three different case studies. In each case we followed the 
process outlined in section 1.4. To make this transparent, each example is accompanied by a “big data 
vignette” that provides an overview of (i) the raw data that has been used, (ii) the methodological approach 
to extract relevant physical or functional networks from that data, and (iii) which kind of RIs (as used in DCLs 
during assessments with their according IDs) are informed by the data. The overview in this section is by no 
means complete in the sense that we list here all indicators that are data based, but rather we focus here on 
those cases where new methodological approaches were required to transform data into indicators, which 
constituted the core activities of this task. To give a concrete example for case study CHARLIE (healthcare 
systems), important indicators that are used include the Density of physicians (per 1000 population), or the 
mortality rate from accidents. These indicators are typically extracted from administrative reporting systems, 
but there is no need to invoke new methodological approaches in order to compute them. Rather such 
indicators can be directly measured from the data and the information linked to DCLs in the SCI dashboard, 
as described in section 4. 

2.1 Example I: CHARLIE 

Table 1:  Big data vignette for CHARLIE. 

Steps Description 

1. Big and open data used 

• Medical claims data 
o ~8,000,000 patients 
o ~20,000 healthcare provider 
o ~300 hospitals with ~2,000 departments 
o ~200,000,000 contacts with healthcare provider 
o ~2,000,000 hospital stays 

• Transportation data 
o Accessibility maps based on open street map 

(openrouteservice API)1 
o Public transportation schedule data from the Wiener Linien 

API2 
• Population data 

o National statistics office and Global Human Settlement 
framework for spatial information3 

2. Methods used 
Network analysis, geospatially embedded networks, spreading models on 
networks, isochrones and reachability analysis leveraging GIS information 
systems, D3 interactive visualization deployment in javascript 

                                                                 
1 https://openrouteservice.org/ (accessed Mar 22, 2018). 
2 https://www.wienerlinien.at/ogd_realtime/newsList?sender= (accessed Mar 22, 2018). 
3 http://ghsl.jrc.ec.europa.eu/ (accessed Mar 22, 2018). 
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Steps Description 

3. Indicator derived 

Health coverage indicator (ID-540), Number and rates of disaster-related injuries 
(ID-521), Number of patients with poisonings (ID-3140), Number of patients with 
accidents (ID-3150), Population density in potential affected areas (ID-2218), 
What is the loss in accessibility to health care providers? (ID-3152), What is the 
percentage of the population that has no access to health care (ID-3153). 

 

The aim of this case study is to assess the resilience of the Austrian healthcare system in scenarios that lead 
to a surge in the number of patients to be treated within a given time interval for a particular type of 
healthcare provider, such as hospitals or primary care provider. For instance, a relevant scenario is the 
flooding of a city and a potentially resulting mass incident of wounded people in an urban area. In such 
scenarios there is an important dependence of the health infrastructure on the transportation system, as the 
flooding event may lead to a partial break-down of the transportation infrastructure and therefore put 
additional stress on certain types of healthcare provider—accessibility becomes an issue [27]. 

 

 

 
Figure 6: All healthcare providers are shown as circles on a map of Austria (top right), with a zoom into a 

region of Vorarlberg (top left). In his zoomed view, the color of the healthcare provider indicates 
their type (ochre for primary care, turquoise for secondary care or specialists, and blue for 
hospitals) and the size corresponds to their number of patients treated at a particular day. Note 
that the positions of the providers have been randomized within a district for reasons of data 
privacy. It is then possible to follow the movement of individual patients within this map between 
different healthcare provider (bottom). 
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For an overview on the data that was used in this case study, see Table 1. The first step of the analysis was to 
map the healthcare provider in geographical space, see Figure 6. To this end we developed a GIS-based 
interface that also allowed us to implement interactive features (to be described later). This map shows 
individual healthcare provider. Within this map, it is then possible to identify the trajectories of individual 
patients, see Figure 6 (bottom panel). This information is useful for two different purposes. First, it shows 
that one has to impose an integrated view on the healthcare system, as treatments are typically delivered by 
a combination of doctors that need to coordinate among themselves. Resilience is a property of the entire 
health care system, not of individual providers Second, it allows one to build estimates for how patient flows 
might change should one or several of their providers become inaccessible or inoperational.  

 

 
Figure 7: Modelling inaccessibility or inoperability of healthcare providers. Left: for each provider the number 

of patients is known (here a doctor with 7137 patients is shown) and how any of those patients 
have also been treated elsewhere (links to other doctors). Right: Should the original doctor be 
removed, his or her patients are distributed according to those link weights (yellow links). As some 
providers might now exceed their capacity, a secondary cascade of displacements is triggered 
(blue lines). The degree of red of the circles shows how close the individual providers are to their 
capacity. 

How this can be done is illustrated in Figure 7 for the example of primary care provider (green circles) in 
Vorarlberg. To the left there is one provider highlighted with 7,137 patients together with links to other 
doctors that are proportional to the number of patients that see both of these provider. In the example that 
is shown, there is one link highlighted that shows that 7% of the patients of the original doctor were also 
seen by the other one. The idea is that should a specific care provider become inaccessible or inoperational, 
patient flows are re-routed according to the weights found in this network. For instance, if 50% of the 
patients that visit hospital A have at some point also visited hospital B, then we formulate a model that 
assumes that 50% of A’s patients will be transferred to B in case of, say, an evacuation of A. Now, each care 
provider has a limited capacity. For hospitals this capacity is given by the number of beds and/or doctors in 
the individual departments (numbers which have been taken from public databases), for other care providers 


