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Summary
Home health care (HHC) services are faced with a rising demand in Austria. This is due to an increased life expectancy, changing 
family structures, and the trend to grow old at home. The percentage of their working time that is spent by the HHC staff for trav-
elling from one client to the next one reaches 30% and even more in some rural areas. Changing the assignment of HHC staff to 
clients and the sequence of visits can lead to major reductions in the travel distances, and therefore, to more sustainable solutions. 
The aim of this paper is to provide a comprehensive overview on the logistical planning of HHC services in Austria. In order to meet 
the future requirements, it is important to analyze different mobility concepts for the HHC staff and to provide tailored solution 
approaches for routing and scheduling. The reader learns about the current HHC situation in Austria, the logistical requirements 
for planning these services, possible mobility concepts for the HHC staff, and potential threats for HHC operations. The developed 
solution methods are presented in brief and the main findings are highlighted and discussed. The paper concludes with an outlook 
on potential future research paths in HHC routing and scheduling.
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Zusammenfassung
In Österreich besteht eine stetig wachsende Nachfrage an Hauskrankenpflegediensten. Diese ist durch eine steigende Lebenserwar-
tung, sich verändernde Familienstrukturen und dem Trend im eigenen Heim alt zu werden, begründet. Der Anteil an Arbeitszeit, 
den mobile Pflegekräfte damit verbringen, von einer Klientin/einem Klienten zur/zum nächsten zu reisen, beträgt bis zu 30 % und 
mehr in manchen ländlichen Regionen. Durch eine Änderung der Zuordnung von mobilen Pflegekräften zu Klientinnen und Kli-
enten sowie der Sequenz der Besuche können erhebliche Reduktionen der zurückgelegten Distanzen und damit viel nachhaltigere 
Lösungen erzielt werden. Das Ziel dieses Artikels ist es, einen umfassenden Überblick über die logistische Planung von Hauskran-
kenpflegediensten in Österreich zu präsentieren. Um den zukünftigen Anforderungen gewachsen zu sein, ist es wichtig, unterschied-
liche Mobilitätskonzepte für mobile Pflegekräfte zu analysieren und maßgeschneiderte Lösungsmethoden für ihre Routen- und 
Einsatzplanung zu entwickeln. Die Leserin/den Leser erwartet eine Einführung in die momentane Situation der Hauskrankenpflege 
in Österreich, die logistischen Grundlagen für eine Planung von Hauskrankenpflegediensten, mögliche Mobilitätskonzepte für mo-
bile Pflegekräfte und potentielle Risiken für die Erbringung von Hauskrankenpflegediensten. Die entwickelten Lösungsmethoden 
werden kurz präsentiert und die wichtigsten Ergebnisse hervorgehoben und diskutiert. Der Artikel endet mit einem Ausblick auf 
mögliche zukünftige Forschungsschwerpunkte im Bereich Routen- und Einsatzplanung in der Hauskrankenpflege.
Schlagworte: humanitäre Logistik, Operations Research, Heimservice, Optimierung, Katastrophenmanagement
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1. Introduction

In 2015, about 16.4 million working hours were per-
formed in home health care (HHC) and a total of 145,723 
clients were visited in Austria (Statistik Austria, 2017a). 
HHC providers cover a wide range of services, leading 
from assistance in doing the housework to qualified home 
nursing. In Austria, HHC providers work independently 
from intramural care facilities like hospitals; the staff is not 
shared as it is sometimes the case in other countries like 
Italy (e.g., Cattafi et al., 2012) or Spain (e.g., Quintanilla 
et al., 2014). The demand for HHC services is expected 
to rise significantly during the next few years in industrial-
ized countries (cf. Rest et al., 2012; Trautsamwieser and 
Hirsch, 2014; Sahin and Matta, 2015). Reasons for that 
are an increased life expectancy, changing family struc-
tures, and the trend to grow old at home. Depending on 
the region, it is estimated that HHC staff spends about 
15—30% of its working time travelling from one client to 
the next one (e.g., Trautsamwieser et al., 2011). This por-
tion can be even higher for the qualified nurses, who usu-
ally visit many more clients than the home helpers during 
the course of the day, or the HHC staff working in rural 
areas. The amount of time spent at the clients’ residences 
are dependent on their care needs and are fixed, but chang-
ing the assignment of the HHC staff to the clients and the 
sequence of visits may lead to major working time savings. 
Since many HHC service providers are faced with a high 
time pressure, this would relieve the situation essentially. 
Up to now, the scheduling of HHC services is still done 
manually by the senior HHC staff or the designated dis-
patchers in Austria, which leads to a high planning effort 
and makes it difficult to react quickly and efficiently to dis-
turbances. HHC planning has to deal with different legal 
and organizational constraints that differ between coun-
tries and even organizations within one country. Hence, 
standard decision support systems (DSS) for routing and 
scheduling are not applicable and tailored solution ap-
proaches are needed. 
This paper is based on the research on HHC of the author 
and his working group during the past 10 years and con-
tains parts of the unpublished framework paper of the ha-
bilitation thesis of the author (Hirsch, 2016). The research 
was done in close cooperation with the Austrian Red Cross 
(ARC), one of the major providers of HHC services in 
Austria. Some of the developed ideas were implemented 
in a DSS that is currently used by a big HHC service pro-
vider in Vienna. Additionally, numerous international re-

searchers built their work on the gathered knowledge. The 
aim of this paper is to provide the reader a comprehensive 
overview on logistical planning in HHC. In order to meet 
the future requirements, it is important to analyze differ-
ent mobility concepts for HHC staff and to provide tai-
lored solution approaches for routing and scheduling. The 
reader learns about the current HHC situation in Austria, 
logistical requirements for planning these services, possi-
ble mobility concepts for HHC staff, and potential threats 
for HHC operations. The developed solution methods are 
summarized; detailed mathematical model formulations 
and pseudo-codes of the algorithms can be found in the 
cited literature. The main findings are highlighted and dis-
cussed. The paper concludes with an outlook on poten-
tial future research paths in the area of HHC routing and 
scheduling. 
The terms “home care” (e.g., Eveborn et al., 2006; Sahin 
and Matta, 2015) and “home health care” (e.g., Begur et 
al., 1997; Bertels and Fahle, 2006) are used synonymously 
in literature on optimizing the logistical planning of this 
service. Authors also rarely use the terms “mobile care” 
and “extramural health care”. The author’s papers use the 
term HHC, which is also done throughout this contribu-
tion. The Organization for Economic Co-operation and 
Development (OECD) stated that on average, across the 
OECD countries, the share of population aged 65 years 
and above is expected to be 27% in 2050; this is nearly 
twice as much as in 2010 (OECD, 2013). In 2014, wom-
en (men) at age 65 years could expect to live for another 
21.6 (18.2) years on average in EU member states; the 
number of “healthy life years” that means disability free life 
expectancy, was 8.6 years for women and men (OECD/
EU, 2016). Changes in family structures can be observed 
in many industrialized countries. They lead to a decrease 
of the availability of informal care. Some examples are de-
creasing birth rates, higher job mobility, or the trend to 
live alone. OECD (2014) stated that the number of live 
births per 1,000 population and year decreased from 19 
in 1960 to 10.5 in 2012 across the EU (unweighted aver-
age). The share of single households in Austria was 27.4% 
in 1985; this number rose to 37% in 2016 (Statistik Aus-
tria, 2017b). Rest et al. (2012) mentioned that the hours 
worked in HHC increased by 29.4% from 2000 to 2008 
in Austria; Voegl (2015) stated that it is estimated that 
these hours increase by 36% from 2012 to 2020. In 2010, 
11,500 full time equivalent employees worked in HHC in 
Austria; it is reckoned that this number rises to 18,300 in 
2025 (Voegl, 2015). 
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The main advantages of HHC according to Rest et al. 
(2012) are:
• Facilitation of care-dependent people to stay at home 

as long as possible
• Prevention or delay of admission to hospitals or nurs-

ing homes
• Enabling earlier discharge from intramural facilities
• Support and relief for relatives or other informal car-

egivers
• Maintenance of social contacts in the living environ-

ment and prevention of social isolation

These facts underpin the need for an efficient logistical 
planning of HHC services. The exploration of decision 
support methodologies is a crucially important research 
area (Burke and Kendall, 2005). Due to the high complex-
ity of many logistical planning situations in organizations, 
it is necessary to provide the management with suitable 
decision support techniques. Even though there are useful 
standard software tools available to assist decision makers, 
many real-world problems require innovative approaches 
in order to meet their specific objectives and constraints. 
This leads to an ongoing demand for the development 
and implementation of advanced mathematical model for-
mulations and solution methods. Depending on the time 
range, the involved management level, the availability of 
deterministic data, and the impact of a decision on the 
economic well-being of an organization, different levels of 
decision making can be defined. McKinnon (2012) stated 
four levels of logistical decision making: strategic, com-
mercial, operational, and functional decisions. 
The logistical planning of HHC services can be seen as 
a part of humanitarian logistics. In general, humanitarian 
logistics is about delivering goods and/or services to vul-
nerable people. Common objectives are to minimize cost, 

to minimize resource use, or to maximize service levels. 
The demands can arise through disaster events (e.g., river 
floods, earthquakes, or pandemics) or through social and/
or medical requirements of people (e.g., the need for HHC 
or ambulance services). The International Federation of 
Red Cross and Red Crescent Societies (IFRC) defined 
the basic task of humanitarian logistics as follows: “…hu-
manitarian logistics comprises acquiring and delivering re-
quested supplies and services, at the places and times they 
are needed, whilst ensuring best value for money” (IFRC, 
s.a.). There are also some factors in humanitarian logistics 
that could make planning more difficult than in commer-
cial logistics applications. Overstreet et al. (2011) listed 
unknowns, time, trained logisticians, media and funding, 
equipment and information technology, as well as human 
interference. Humanitarian logistics often faces the prob-
lem that it is difficult to obtain data, for example on the 
available traffic network after a disaster or the actual de-
mands. Most of the operations are also very time-critical; 
failures can lead to serious consequences on human health. 
Table 1 states the differences between commercial and hu-
manitarian logistics and is based on Larson (2014).
Humanitarian logistics is an evolving research area. Tatham 
and Christopher (2014) mentioned that a recent review 
by Kunz and Reiner (2012) found that of 174 papers on 
humanitarian logistics, which appeared in the time span 
between 1995 and 2011, about 86% were published in the 
last five years between 2007 and 2011. Research on plan-
ning in HHC had increased tremendously during the last 
few years. The author and his working group had started to 
do research on this topic in 2008. At that time, only a few 
papers were available (e.g., Begur et al., 1997; Bertels and 
Fahle, 2006; Eveborn et al., 2006) and HHC service pro-
viders stated their need for suitable decision support, espe-
cially in the times of disasters. Trautsamwieser and Hirsch 

Logistics Context

Aspect Commercial Humanitarian

Purpose Economic profit Social impact/Cost recovery

Context Uninterrupted Interrupted/Uninterrupted

Perspective on time “Time is money” “Time is human health”

People served Paying customers Beneficiaries

Source of funds Paying customers Donors/Public agencies

Workforce Paid staff Volunteers/Paid staff

Table 1. Commercial logistics versus humanitarian logistics (cf. Larson, 2014)
Tabelle 1. Vergleich von kommerzieller und humanitärer Logistik (vgl. Larson, 2014)
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(2011) presented a model formulation and a metaheuris-
tics solution approach based on Variable Neighborhood 
Search (VNS) for the daily scheduling of HHC workers in 
Austria. This work extended the vehicle routing problem 
(VRP) by additional constraints like working regulations 
(e.g., mandatory breaks) and used travel time as well as 
dissatisfaction criteria in the objective function. Trautsam-
wieser et al. (2011) modified the solution method and 
presented a real-world data based sensitivity analysis that 
showed how different natural disasters and flood scenarios 
influence HHC in three selected districts in Upper Aus-
tria. Rest et al. (2012) presented a comprehensive study of 
potential threats in rural and urban areas that influenced 
the HHC services and highlighted the importance of these 
services. The authors also presented a detailed real-world 
data based analysis of different flood scenarios. Trautsam-
wieser and Hirsch (2014) extended the planning horizon 
of HHC scheduling and proposed a VNS based method 
as well as an exact solution approach. Fikar and Hirsch 
(2015) imposed an innovative mobility concept for HHC 
services that used trip sharing of the staff in dedicated bus-
es with employed drivers and facilitated walking on sub-
routes. Rest and Hirsch (2015) investigated the impact of 
potential threats on HHC in Vienna. They analyzed how 
blackouts, pandemics, and heat waves affect HHC. Fikar 
and Hirsch (2016) compared different mobility concepts 
for HHC staff with respect to travel time. They proposed 
metaheuristic algorithms that support the routing and 
scheduling of HHC staff with separate cars, trip sharing, 
and car sharing. Fikar et al. (2016) extended the research of 
Fikar and Hirsch (2015) to deal with a dynamic problem 
setting. Rest and Hirsch (2016) presented an exact solu-
tion method to compute the time-dependent travel times 
out of the timetables from public transport service provid-
ers. This served as a basis for three Tabu Search (TS) based 
solution methods to solve the daily scheduling of HHC 
workers that used public transport. Some of the findings 
of the stated research were also used to develop a DSS for 
an HHC service provider in Vienna (ingentus decision 
support, s.a.). Finally, Fikar and Hirsch (2017) provided a 
comprehensive review on worldwide research about HHC 
routing and scheduling. Figure 1 gives an overview on the 
publications of the author on HHC, their contents, and 
interrelations.
Other relevant research on HHC in Austria is presented by 
Hiermann et al. (2015), who introduced a general frame-
work for solving a real-world multi-modal HHC schedul-
ing problem from a major Austrian HHC provider. First 

results of the work of Hiermann et al. (2015) have been 
presented in Rendl et al. (2012). Braekers et al. (2016) 
based their numerical studies on the data provided by Hi-
ermann et al. (2015); the authors considered the trade-off 
relationship between two competing objectives in HHC 
routing and scheduling.

2. Materials and methods 

This section defines the specific characteristics of HHC rout-
ing and scheduling. It presents possible transport modes for 
the HHC staff and the resulting optimization problems. Addi-
tionally, the impact of disasters on HHC planning is analyzed. 
In the following, a classification of the involved entities in 
daily HHC planning in Austria is presented.

Each client…
• requires at least one job during the day.
• may prefer some HHC workers.
• may reject some HHC workers.
• speaks one or more languages.

Each job…
• has to be performed.
• requires a minimum qualification level of the visiting 

HHC worker.
• has a hard time window that may include a tighter 

soft time window. Hard time windows are caused, for 
example, by medical necessities; soft time windows are 
usually stated by the clients, who wish to receive the 
service at certain times.

• has a predefined service time.

Each HHC worker…
• starts her/his shift depending on the work contract

• with the treatment of the first client and ends 
it after servicing the last client,

• from her/his home and ends it there,
• or from the base of the HHC provider and 

ends it there.
• may work up to two shifts per day.
• has a certain qualification level (e.g., home helper, as-

sisting nurse, or graduated nurse).
• may reject some clients.
• may have a tighter preferred working time window 

within her/his availability time window.
• speaks one or more languages.
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Figure 1. Publications of the author on HHC planning and their contents and interrelations
Abbildung 1. Publikationen des Autors über die Planung von mobilen Pflegediensten sowie deren Inhalte und Zusammenhänge
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• has to make a break, if her/his working time exceeds 
360 minutes in a shift.

• has a contracted working time per day.
• has a maximum working time per day, which may not 

be exceeded.
• can have a minimum working time per day, which 

may not be gone below.
• gets some reward if she/he works more than the con-

tracted working time, which is denoted as overtime.
• can perform jobs that require a lower qualification 

level, but it is assumed that this leads to dissatisfaction.

The main objective of HHC planning is to minimize the 
total travel times of HHC workers. These travel times in-
clude driving as well as waiting times. Trautsamwieser and 
Hirsch (2011) and Trautsamwieser et al. (2011) used a 
weighted objective function consisting of the main objec-
tive and penalties for:
• overtime
• unfulfilled preferences of the clients for HHC workers
• violations of the soft time windows of jobs
• violations of the preferred working time windows of 

HHC workers
• jobs done by HHC workers with a higher qualifica-

tion level than needed
• unpaid driving times of HHC workers that start/end 

their shifts at clients

Only the main objective is used for some numerical stud-
ies dealing with disaster situations in Trautsamwieser et 
al. (2011) as well as in Rest et al. (2012). The reason for 
that is the scarcity of workforce in disaster situations that 
compels HHC providers to neglect the violations of soft 
constraints.
The objective function is subject to:
• Assignment constraints – for example, an HHC work-

er can only visit a client, if they do not reject each 
other, speak at least one common language, and if she/
he has (at least) the required qualification level for the 
job.

• Each job has to be fulfilled.
• Hard time windows – for example, the availability 

time windows of HHC workers and the hard time 
windows of the jobs.

• Legal regulations as
• mandatory break times,
• maximum working time,

• and the contracted starting and ending loca-
tions of the tours of the HHC workers.

Trautsamwieser and Hirsch (2011), Trautsamwieser et al. 
(2011), and Rest et al. (2012) dealt with the daily plan-
ning problem of HHC. Trautsamwieser and Hirsch (2014) 
extended the planning horizon of HHC to one week. All 
these papers assumed that the HHC workers use indi-
vidual cars. If the distances between clients are short, it 
is also common to walk or to use (e-)bikes or scooters. In 
these cases, the algorithms developed for individual car use 
can also be applied. The problem can be modeled as an 
extension of the VRP. Trautsamwieser and Hirsch (2014) 
developed an exact solution approach for the weekly HHC 
planning problem. To relax the problem, they used the ob-
jective of minimizing the total travel times of HHC work-
ers and assumed that all of them start their shifts at the 
base of the HHC provider and end it there; else, they used 
the same hard constraints as in daily HHC planning and 
extended them by the following ones:
• Each HHC worker has a maximum working time per 

week.
• There are minimum rest times between two shifts of 

an HHC worker.
• Each HHC worker has to have at least a consecutive 

off-time of 36 hours per week.

According to Rest et al. (2012), the vulnerable factors in 
HHC are staff, clients, communication, and transport. Es-
pecially during disaster events, the absence of staff is a ma-
jor problem, since it can be affected by the disaster itself. 
The number of clients as well as the service time for treat-
ing them may increase significantly. Information and com-
munication activities are important for almost all activi-
ties of HHC services. They are especially impaired during 
blackouts, which may also be a cascading effect of other 
disaster events. Transport may be affected by the closure of 
some connections, reduced speed on the traffic network, 
or a lack of fuel for the vehicles. Table 2, which is based 
on Rest et al. (2012), summarizes these findings for dif-
ferent disaster events. In case of extreme weather events, 
the focus is on a moderate climate zone as predominant in 
most parts of Europe. Hence, the impact of temperature 
on infrastructure is negligible.
The preferred transport mode of HHC staff changes de-
pending on the area it operates in. In rural areas, individual 
car use is the prevalent transport mode, since the public 
transport network is usually sparse and the average distanc-
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es between clients are longer. In urban areas, with a dense 
public transport network like Vienna, the (combined) use 
of train, tram, bus, and subway is common, which leads 
to new logistical challenges, since these transport modes 
operate based on timetables. Figure 2 presents a simpli-
fied example, considering only two possible paths between 
two clients; it shows how the shortest path changes de-

pending on the time of the day. Rest and Hirsch (2016) 
presented TS based solution algorithms to solve this daily 
time-dependent HHC scheduling problem. They modified 
the model formulation presented in Trautsamwieser et al. 
(2011) and provided an exact solution approach to com-
pute the time-dependent travel times out of the timetables 
from public transport service providers on a minute-basis. 

Disaster event HHC staff Clients Transport Communication

Number Number Service time Trafficability Driving time Availability

Earthquake ↓ ↑ ↑ ↓ ↑ ↓

Volcano action ↓ ↑ ↑ ↓ ↑ ↓

Mass movement ↓ ↑ ↑ ↓ ↑ ↓

Storm ↓ ↑ ↑ ↓ ↑ ↓

Flood ↓ ↑ ↑ ↓ ↑ ↓

Heat wave ↓ ↑ ↑ ↔ ↔ ↔

Cold wave ↔ ↑ ↑ ↔ ↔ ↔

Epidemic ↓ ↑ ↑ ↔ ↔ ↔

Blackout ↓ ↑ ↑ ↓ ↑ ↓

↑…increment  ↓…decrement  ↔…constancy

Table 2. Impact of disaster events on HHC (cf. Rest et al., 2012)
Tabelle 2. Auswirkungen von Katastrophen auf die mobile Pflege (vgl. Rest et al., 2012)

Figure 2. Simplified example for time-dependent travel times in a public transport network
Abbildung 2. Vereinfachtes Beispiel für zeitabhängige Reisezeiten in einem öffentlichen Verkehrsnetzwerk
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Rest and Hirsch (2016) used a weighted objective func-
tion and aspiration levels to incorporate the satisfaction of 
HHC staff and clients. Moreover, they expanded the con-
straints by adding a minimum working time for the HHC 
staff. This minimum working time has to be guaranteed by 
the HHC service provider, if an employee starts a shift. To 
the best of the author’s knowledge, Rest and Hirsch (2016) 
is the first journal paper that deals with a time-dependent, 
multi-modal traffic network for HHC services. Hiermann 
et al. (2015), who also deal with multi-modal HHC rout-
ing and scheduling in Vienna, assume that HHC workers 
can either use cars or public transport. In contrast to Rest 
and Hirsch (2016), Hiermann et al. (2015) use a single es-
timate for each mode. Thus, they do not rely on the time 
tables, that is, the actual time of departure, of public trans-
port modes. Moreover, Hiermann et al. (2015) deal with 
a relaxed version of the HHC formulation that was used, 
for example, in Trautsamwieser et al. (2011). Braekers et al. 
(2016) model the HHC routing and scheduling problem as 
a bi-objective problem and reveal that service providers face 
a considerable trade-off between costs and client conveni-
ence. The authors use randomly generated data that build 
on the test instances of Hiermann et al. (2015) and relax 
the HHC formulation too. Rest and Hirsch (2015) provid-
ed an analysis on the impact of disasters on HHC services, 
using the algorithms developed in Rest and Hirsch (2016).
Fikar and Hirsch (2015) proposed the use of a dedicated 
bus service for HHC staff and developed a matheuristic 
method to solve the daily planning problem. The transport 
service delivers the HHC workers to the clients and picks 
them up after the completion of their services. In this ap-

proach, it is also possible to walk to the next client, if the 
distance is below a certain threshold. This leads to inter-
dependencies in the problem, since changing the time of 
delivery results also in a change of the pickup time. Hence, 
it is necessary to synchronize the HHC staff and vehicles in 
this problem. Fikar and Hirsch (2015) defined the prob-
lem as an extended many-to-many multi-trip Dial-A-Ride 
Problem (DARP). They concentrated on minimizing the 
total travel times of the HHC staff and drivers, showing 
the trade-offs between these two groups of workers. The 
authors built on the constraints of daily HHC planning 
introduced in Trautsamwieser et al. (2011). The trip shar-
ing concept presented by Fikar and Hirsch (2015) is not 
in practical use in Austria up to now; the author is also not 
aware of any scientific literature describing such a concept 
in other countries. Nevertheless, Austrian HHC service 
providers mention that it seems to be an interesting mobil-
ity concept and a future introduction should be considered 
especially in rural and sub-urban areas. Fikar et al. (2016) 
extended the static problem setting of Fikar and Hirsch 
(2015). In Fikar et al. (2016), not all information about 
visits to the clients is known beforehand at the beginning 
of the day. Hence, the developed discrete-event driven bi-
ased-randomized (BR) metaheuristic is able to deal with 
dynamic events as cancellations or new requests.
Fikar and Hirsch (2016) compared the trip and car shar-
ing concepts in HHC to the traditional case of individual 
car use. They developed an event-driven BR heuristic, a 
post-optimization procedure, and a matheuristic to ana-
lyze routing with separate cars, car sharing, and trip shar-
ing respectively. The authors consider different geographic 

Table 3. Mobility concepts in HHC and their underlying basic logistical problems (cf. Voegl and Hirsch, 2015)
Tabelle 3. Mobilitätskonzepte in der mobilen Pflege und ihre grundlegenden logistischen Problemformulierungen (vgl. Voegl und Hirsch, 2015)

Mobility concept
Basic logistical problem

DARP VRP Synchronization

car individual use X

car sharing X X

trip sharing X X

(e-)bike individual use X

(e-)bike sharing X X

walking X

taxi use X

bus service X X

public transport no combination X

with shared (e-)bikes or cars X X

with individual (e-)bikes or scooters X
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distributions to identify which mobility concept for HHC 
staff fits best under certain circumstances.
Table 3 presents different mobility concepts for HHC staff 
and their underlying basic logistical problems that need to be 
extended as described at the start of this section to fit to the 
requirements of HHC; it is based on Voegl and Hirsch (2015). 
It is marked, if the problem formulations are based on the VRP 
or the DARP as well as if synchronization between HHC staff 
and the vehicle is needed due to the mobility concept. 
Fikar and Hirsch (2017) provided an extensive review of 
the literature on HHC routing and scheduling. They fo-
cused on the considered problem settings that differ in the 
international context and the applied solution methods.
Table 4 provides a categorization of the author’s papers on 
HHC.
In order to solve the introduced planning problems, several 
tailored solution methods have been developed in the pa-
pers of the author and his working group. They are based 
on metaheuristics (TS, VNS, and BR), matheuristics, and 
exact methods. Only small problem instances in HHC can 
be tackled by implementing the mathematical model for-
mulation in solver software. The general objective of using 
metaheuristics and matheuristics is to obtain near-optimal 
solutions in short computing times. Exact methods aim to 
find the global optimal solution of a planning problem; 
their computing times are usually much longer. 
Glover and Kochenberger (2003) defined metaheuristics as 
“solution methods that orchestrate an interaction between 
local improvement procedures and higher-level strategies 
to create a process capable of escaping from local optima 

and performing a robust search of a solution space”. Gen-
dreau and Potvin (2005) divided metaheuristics into two 
categories: “single-solution metaheuristics, where a single 
solution (and search trajectory) is considered at a time, and 
population metaheuristics, where a multiplicity of solutions 
evolves concurrently”. Gendreau and Potvin (2005) also 
distinguished between constructive metaheuristics, where 
a solution is built from scratch by adding new elements in 
each iteration step and improvement metaheuristics, which 
iteratively modify a solution. Other popular metaheuristics 
than TS and VNS are for example Simulated Annealing 
(SA), Evolutionary Algorithms (EA), or the Greedy Ran-
domized Adaptive Search Procedure (GRASP). It is also 
common to develop hybrids of metaheuristics; this is done, 
for example, in Trautsamwieser et al. (2011), where the ac-
ceptance criterion in the VNS algorithm is based on the 
concept of SA. In the following, the basic concepts of the 
metaheuristics that were applied are explained in brief. Each 
metaheuristic stops after a predefined number of iteration 
steps, a fixed computing time, or if the solution value does 
not improve for a predefined number of iteration steps. The 
best-found solution during the computation is then used as 
output. For a detailed description of the implementations, 
the reader is referred to the respective publications of the 
author. The programming languages Java and C++ were ap-
plied in the publications on HHC of the author.
TS is a single-solution improvement metaheuristic that 
uses deterministic local search strategies. It is based on a 
short-term memory (tabu list) and on a long-term memory 
that allows the implementation of intensification- and di-

Table 4. Categorization of the author’s publications on HHC
Tabelle 4. Kategorisierung der Publikationen des Autors über mobile Pflege

Publication
Planning 
horizon

Time-dependent 
travel times Solution method

Consideration 
of disasters

Mode of transport

Trautsamwieser and Hirsch 
(2011)

daily no metaheuristic (VNS) no individual transport mode

Trautsamwieser et al. (2011) daily no metaheuristic (VNS) yes individual transport mode

Rest et al. (2012) daily no metaheuristic (VNS) yes individual transport mode

Trautsamwieser and Hirsch 
(2014)

weekly no exact (Branch-Price-and-Cut)
metaheuristic (VNS)

no individual transport mode

Fikar and Hirsch (2015) daily no Matheuristic no bus service

Rest and Hirsch (2015) daily yes metaheuristic (TS) yes public transport

Fikar and Hirsch (2016) daily no metaheuristic (BR)
matheuristic

no individual car use
car sharing
trip sharing

Fikar et al. (2016) daily no metaheuristic (BR) no trip sharing

Rest and Hirsch (2016) daily yes metaheuristic (TS) no public transport

Fikar and Hirsch (2017) Review
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versification strategies to guide the search process. In each 
iteration step, the best solution in the neighborhood of the 
current solution is chosen as new current solution, even if 
the objective value gets worse. The tabu list stores recently 
visited solutions (or attributes of recently visited solutions) 
to avoid short-term cycling (Gendreau and Potvin, 2005). 
Hirsch (2011) stated that “the tabu duration can be fixed 
in the beginning of the algorithm or changed dynamically 
during the search process”. Moreover, TS uses rules known 
as aspiration criteria that allow using elements of the tabu 
list (Hirsch, 2011). Glover and Laguna (1997) described 
intensification strategies as a modification of “choice rules 
to encourage move combinations and solution features 
historically found good”; this may lead to a return to at-
tractive regions to search them more thoroughly. Diversi-
fication strategies encourage the search process to examine 
unvisited regions and to generate solutions that differ in 
various significant ways from those seen before (Glover 
and Laguna, 1997). TS can be seen as a powerful approach 
to solve various variants of the VRP. This is underlined, 
for example, in Cordeau et al. (2002), who pointed out 
that “TS clearly stands out as the best metaheuristic for 
the VRP” or in Crevier et al. (2007), who stated that TS 
has proved to be highly effective for the solution of a wide 
range of classical VRPs. The author’s specific planning 
problems tackled with tailored TS variants cover exten-
sions of the VRP and consider partly time-dependency as 
well as state-dependency; the undertaken numerical exper-
iments prove the good applicability of these TS methods. 
TS is a very popular metaheuristic and a lot of variants can 
be found in literature. The TS variants used in the papers 
presented in this contribution are based on the ideas of 
Unified TS (see e.g., Cordeau et al., 2001). If applicable, 
the solution algorithms start with a method to reduce the 
solution space by excluding infeasible combinations before 
the solution procedure starts. After that, a heuristic con-
structs an initial solution for the problem. Then, the TS 
procedure starts. In brief, all the applied TS methods com-
bine single task moves with local reoptimization, use fixed 
but problem-size dependent tabu durations, and aspiration 
criteria that are attribute-related (Hirsch, 2011). They al-
low for intermediate infeasible solutions that are assessed 
with adaptive weighting factors. Worsening candidate so-
lutions are penalized by adding costs that are dependent 
on how often the attributes of a specific candidate solution 
were used in other solutions already. In some implemen-
tations, a post-optimization heuristic improves the solu-
tions after each iteration step. Specific memory structures 

are used to avoid the repetition of computations that have 
already been made in previous iteration steps. The single 
TS variants differ in the applied neighborhood structure 
of a solution in each iteration step. These structures may 
change according to static rules that are defined before the 
algorithm starts or dynamically during its execution. 
VNS is a single-solution improvement metaheuristic, with 
the basic idea of a systematic change of neighborhood with-
in the local search. It combines deterministic and stochas-
tic changes of the neighborhood (Hansen and Mladenović, 
2003). VNS defines a set of neighborhood structures that 
are used in the search. Based on Hansen and Mladenović 
(2003), the fundamental solution process can be described 
as follows: The procedure starts from an initial solution 
and with the first neighborhood structure. In the shaking 
phase, a neighbor solution of the current one is chosen 
randomly. This neighbor solution is improved with a lo-
cal search procedure until a local optimum is reached. If 
the solution is better than the incumbent, or if some ac-
ceptance criterion is met, this solution becomes the new 
current solution and the search continues in the same 
neighborhood structure. If the solution is not accepted, 
the search process moves to the next neighborhood struc-
ture. VNS is a very popular metaheuristic. It has proved 
to be a good choice for solving different variants of VRPs 
(Trautsamwieser et al., 2011). The VNS implementations 
in the author’s papers on HHC build on the definition of 
problem-specific and suitable neighborhood structures as 
well as on adequate local search strategies. The acceptance 
criterion uses a probability function that is based on SA. 
The main idea behind BR techniques is to introduce ran-
domness in a constructive heuristic procedure in such a 
way that more promising candidates receive higher prob-
abilities of being selected (Juan et al., 2011). BR strategies 
are combined with heuristics or metaheuristics. The simple 
structure allows searching the solution space quickly. 
Matheuristics combine heuristics or metaheuristics with 
mathematical programming. Archetti et al. (2015) stated 
that a combination of a heuristic or metaheuristic scheme 
with mixed integer linear programming models has been 
recently explored by several authors, but is denoted un-
der different terms as “heuristics based on mathematical 
programming”, “hybrid heuristics”, or “matheuristics”. 
The author’s papers use the term matheuristics, since it 
becomes more and more common in literature. Fikar and 
Hirsch (2015) presented, for example, a two-stage solu-
tion approach for routing buses for HHC staff, which can 
also use walking routes for shorter distances. The authors 
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start with solving a set-partitioning problem for the walk-
ing routes to optimality before the routing part starts with 
a biased-randomized savings heuristic as initial solution. 
After that, a TS based approach improves the solution 
iteratively. The TS uses a walking routes improvement 
operator to align the selected walking routes with HHC 
workers’ schedules and vehicles’ tours. Moreover, the start 
time optimization of tours is solved to optimality in each 
evaluation of a solution by using the solver software Xpress 
(FICO, s.a.). 
There are many exact solution methods for combinatorial 
optimization problems in literature, including concepts like 
branch-and-bound, dynamic programming, or constraint 
programming. These approaches have to be customized to 
their specific application areas. Laporte (2007) mentioned 
that there are several families of exact algorithms that have 
been proposed for the VRP with a symmetric cost structure; 
these are based on integer linear programming, dynamic 
programming, and branch-and-bound. The success rate of 
exact methods in finding solutions for variants of the VRP 
is variable and the problem size is limited. This explains 
why most of the research effort has concentrated on heu-
ristics, which tend to be considerably more flexible than 
exact algorithms and can be more readily adapted to deal 
with the diversity of variants arising in practice (Laporte, 
2007). Nevertheless, research on exact algorithms is fun-
damental in order to provide sophisticated benchmarks 
for heuristic solutions. Trautsamwieser and Hirsch (2014) 
used a Branch-Price-and-Cut (BPC) approach to solve the 
medium-term HHC planning problem. Barnhart et al. 
(1998) presented an overview on the general methodol-
ogy and stated that pricing and cutting are complementary 
procedures for tightening an LP relaxation. In Trautsam-
wieser and Hirsch (2014), the model formulation was de-

composed by Dantzig-Wolfe decomposition; the result is a 
master problem and several subproblems. The solutions of 
the subproblems are added to the master problem as new 
columns in each iteration step. Then, the master problem 
is resolved, and its dual variables are used to obtain new 
solutions for the subproblems. This is repeated until the 
exact solution for the problem is found. For solving the 
subproblems, several concepts for tackling the Elementary 
Shortest Path Problem with Resource Constraints have 
been combined and adapted. Moreover, cuts are added to 
the master problem to strengthen the lower bound. The 
BPC approach can be started with any initial solution, but 
it could be advantageous to use a more sophisticated one, 
in order to have a good upper bound. Trautsamwieser and 
Hirsch (2014) introduced a VNS algorithm to compute 
the initial solution.

3. Results and discussion

This section highlights and discusses the main findings of a 
selection of the presented papers. Representative numerical 
results are presented for the mobility concepts individual 
use of a car, bus service, and public transport. Moreover, 
the impact of a flood disaster on HHC services in rural and 
sub-urban areas in Upper Austria is shown. The results of 
the other presented papers are discussed in brief.
Trautsamwieser and Hirsch (2011) showed that even a 
complex problem like the daily routing of HHC services, 
which has a lot of properties to keep in mind, can be solved 
efficiently. The authors proposed a mathematical model 
formulation as well as a VNS based solution method for 
this problem. Table 5 compares the use of a weighted ob-
jective function (Λ2) to the objective of minimizing the 

Region
D(Λ1 ) 
[min]

D(Λ2 ) 
[min]

H1(Λ1 )
[min]

H1(Λ2 )
[min]

H2(Λ1 )
[min]

H2(Λ2 )
[min]

C(Λ1 )
[min]

C(Λ2 )
[min]

r1 171 211 201 255 114 164 155 198

r2 2,056 1,941 1,982 1,889 1,127 1,409 1,685 1,743

r3 3,021 2,505 2,944 2,759 1,836 1,981 2,383 2,332

Explanation of the used notation:
Λ1, Λ2 … objective function
D … HHC workers start their tour from the base of the provider
H1 … HHC workers start their tour from at home
H2 … HHC workers start their tour at the first client and end it at the last client
C … uniform distribution of the potential starting points of the HHC workers

Table 5. Solution values [min] for r1, r2, and r3 for different scenarios and the objective functions Λ1 and Λ2 (cf. Trautsamwieser and Hirsch, 2011)
Tabelle 5. Lösungswerte [min] für r1, r2, und r3 für unterschiedliche Szenarien und Zielfunktionen Λ1 und Λ2 (vgl. Trautsamwieser und Hirsch, 2011)
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total travel time (Λ1) for one small urban (r1) and two rural 
regions (r2 and r3). If the HHC worker starts the tour from 
the base of the provider, this is denoted as D. H1 means that 
the tour starts and ends at the home of the HHC worker; 
in case of H2, the tour starts at the first client and ends at 
the last one. All these options are possible variations in the 
work contracts of the employees. The setting C considers 
a uniform distribution of the potential starting points of 
the HHC workers. The problem instances are real-world 
based and include 87/221/313 jobs, 87/196/277 clients, 
and 13/39/75 HHC workers for r1/r2/r3. As stated in detail 
in Trautsamwieser and Hirsch (2011), the addresses of cli-
ents and HHC workers as well as the number of required 
jobs are known. Other information, as time windows of 
the jobs and actual starting points of the tours needed to 
be estimated. The weighting of Λ2 was the result of a survey 
conducted with decision makers in HHC planning at the 
ARC. The used weighting factors are shown in Table 6.
Moreover, Trautsamwieser and Hirsch (2011) compared 
the algorithmic results with a manually generated actual 

route plan in region r3 and showed that the current total 
travel time of 3,703 minutes could be reduced by about 
45.6% to 2,014 minutes. The authors also performed a 
sensitivity analysis where the number of time-critical jobs, 
the service times, and the number of jobs are increased 
gradually. Tighter time windows and longer service times 
lead to a higher satisfaction level of the clients, whereas an 
increase in the number of jobs improves the situation of 
the HHC provider as well as of the people, who are cur-
rently on the waiting list for HHC services. The analysis 
shows that these aims can be reached to a certain extent 
with the same number of HHC workers.
Trautsamwieser et al. (2011) studied the HHC services in 
the area of Upper Austria and used real-world data of a 
flood disaster in 2002 as well as standard flood scenarios, 
namely the 30, 100, and 200 year return period flood dis-
charges (HQ30, HQ100, and HQ200), to depict their 
consequences on them. Moreover, they presented sensi-
tivity analyses to estimate the impact of different natural 
disasters on the daily scheduling of HHC services. The 
results of the VNS based solution method were compared 
to the exact solutions obtained with the solver software 
Xpress for 20 small problem instances with 30 jobs, 30 cli-
ents, and 6 HHC workers. Both settings, Λ1 and Λ2, were 
tested. In the case of Λ2, a slightly different weighting as 
in Trautsamwieser and Hirsch (2011) was selected, based 
on the suggestions of decision makers in Upper Austria. 
To compute the impact of the flood scenarios, setting Λ1 
was chosen, since the decision makers do not focus on the 
preferences of clients and HHC workers during disaster 
events. Real-world data from the three regions (θ1, θ2, and 
θ3) were used to assess the impact on infrastructure of the 
different flood scenarios. This leads to HHC workers, who 
cannot leave their homes, inaccessible clients, detours due 

Part of the objective function
Weighting

Λ1 Λ2

total travel time 1 0.5

overtime 0 0.2

preferences 0 0

soft time window violations (job) 0 0.05

soft time window violations (HHC worker) 0 0.05

overqualification 0 0.15

unpaid driving times 0 0.05

Table 6. Weighting of Λ1 and Λ2 (cf. Trautsamwieser and Hirsch, 2011)
Tabelle 6. Gewichtung von Λ1 und Λ2 (vgl. Trautsamwieser und Hirsch, 
2011)

Region Scenario # Jobs # Clients # HHC workers Solution value [min]

θ1
no flood 140 140 13 282.70

flood 2002 140 140 13 283.20

HQ200 88 88 10 144.00

θ2
no flood 351 291 39 2,435.40

flood 2002 299 248 36 1,920.00

HQ200 263 218 33 2,774.10

θ3
no flood 512 411 75 3,497.50

flood 2002 504 403 72 3,756.00

HQ200 385 307 64 no feasible solution

Table 7. Solution values for an extreme day in three regions with different flood disaster scenarios  (cf. Trautsamwieser et al., 2011)
Tabelle 7. Lösungswerte für einen Extremtag in den drei Regionen mit verschiedenen Flutszenarien  (vgl. Trautsamwieser et al., 2011)
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to blocked roads, or slower speeds on the available traf-
fic network. Table 7 highlights the results for an “extreme 
day” in these three regions, which means that all possible 
jobs have to be performed. 
For HQ30 and HQ100, it is also possible to obtain fea-
sible solutions for regions θ1 and θ2, but not for region θ3. 
These results show that it is necessary to have additional 
HHC workers available in region θ3 during flood events. 
Moreover, the decision makers need to know which clients 
cannot be accessed and have to be evacuated if necessary. 
The findings of Trautsamwieser et al. (2011) highlight the 
need to think about the risks that the HHC services face.
The main results of Rest et al. (2012) are to reveal the 
potential threats that influence HHC. Based on the work 
of Trautsamwieser et al. (2011), an option to incorpo-
rate these threats into the planning of HHC services 
was proposed. The solution approach of Trautsamwi-
eser et al. (2011) was used to carry out some additional 
real-world based numerical studies with flood data and 
to discuss the results with respect to their practicabil-
ity. Furthermore, Rest et al. (2012) described the impor-
tance of HHC services for industrialized countries and 
outlined the differences between urban and rural HHC.  
Figure 3 and Figure 4 show exemplary for a small area 
within a test region in Upper Austria how the situation 
for an HHC provider changes if an HQ200 flood occurs. 
A “normal” day without a flood is depicted in Figure 3, 
whereas Figure 4 shows the impact of the HQ200 flood. 
Since some HHC workers have to visit the base of their 
employer (in this case the ARC) before they start their vis-
its, many tours start and end there. Figure 3 and Figure 
4 use the following representation: the circles mark the 
clients with their identifications, the rectangles show the 
homes of the single HHC workers, and the base is symbol-
ized through a rectangle with a red cross.

In Figure 4, the flooded area is shaded and all the locations 
that are affected by the flood are crossed out. If a client 
is not located directly within the flooded area, but is sur-
rounded by water and therefore not accessible by suitable 
HHC workers, her/his location is also crossed out. Rest 
et al. (2012) concluded that the HHC service providers 
need to face two challenges in future: an increased organi-
zational effort due to the rising demand and the need for 
an anticipatory risk management.
Fikar and Hirsch (2015) provided a solution procedure for 
the daily HHC planning problem, if the HHC workers 
use a dedicated bus service combined with walking routes. 
The problem has a state-dependent nature, since the time 
of delivery of an HHC worker at a client determines her/
his pickup time at the same or a subsequent client. The 
authors used 30 problem instances based on real-world data 
to test the two variants of the TS based solution procedure, 
namely TS-SPBS and TS-GT. They investigated two geo-
graphic distributions of jobs, an urban (U ) and a sub-urban 
(S ) area. The problem instances have a size of 75/100/125 
jobs and 24/32/40 HHC workers. In summary, there are 
six different instance sets consisting of five problem in-
stances each. Each client is visited once and there are two 
vehicles with a seating capacity for five HHC workers on 
duty. A comparison between TS-SPBS and TS-GT showed 
the advantages of using TS-SPBS. Table 8 presents the aver-
age number of scheduled HHC workers for each instance 
set, the percentage savings of vehicles under the assumption 
that each HHC worker uses her/his own vehicle instead, 
the average number of pickups, and the percentage of the 
single components of the objective function.
The presented solution procedure was capable of analyzing 
the new mobility concept introduced in Fikar and Hirsch 
(2015). It can be applied to support decision makers at 
HHC service providers, who want to test an implementa-

Table 8. Average solution values for each instance set (cf. Fikar and Hirsch, 2015)
Tabelle 8. Durchschnittliche Lösungswerte für jede Testdatenmenge (vgl. Fikar und Hirsch, 2015)

Instance set
Average number of 

scheduled HHC workers
Average vehicle 

reduction
Average number of 

pickups
Average portion of 

driving
Average portion of 

walking
Average time HHC workers 

on board or waiting

U-75-24 15.2 -86.8% 37.6 45.6% 27.2% 27.2%

U-100-32 23.2 -91.4% 45.0 44.1% 28.5% 27.4%

U-125-40 26.4 -92.4% 53.0 43.8% 28.8% 27.4%

S-75-24 18.2 -89.0% 50.6 55.2% 14.3% 30.4%

S-100-32 24.8 -91.9% 63.4 54.3% 15.3% 30.4%

S-125-40 28.0 -92.9% 74.8 53.1% 17.3% 29.5%
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tion of that concept. The results show that the number of 
required vehicles can be decreased substantially.
Rest and Hirsch (2016) presented a mathematical model 
formulation for the daily scheduling of HHC services, where 
HHC staff uses public transport with time-dependent travel 
times. The authors developed a dynamic programming ap-
proach to compute these time-dependent travel times out of 
the timetable data of the public transport service providers 
on a minute base. For solving the problem, three TS based 
metaheuristics were developed; they are denoted as TS, 
TSAS, and TSDYN. The authors tested their solution ap-
proaches with real-world data from the ARC in Vienna. In 
total, 20 problem instances with a size ranging from 106 to 
202 jobs, 50 to 127 clients, and 16 to 46 HHC workers were 
evaluated. It was distinguished between two operational sce-
narios: In the first one, the dispatchers are bound to a pre-
defined roster for the HHC workers; whereas in the second 
scenario, flexible working times are assumed. TS, TSAS, and 
TSDYN were compared to each other for all 20 problem 
instances and the two scenarios. The results show advantages 
for the TS in case of a predefined roster, whereas for flexible 
working times, TSDYN performs best. Prolonging the com-
puting time from 10 minutes to 10 hours did not improve 
the solutions considerably, which proves that the TS based 

metaheuristics work well. Table 9 shows a comparison be-
tween the actual planning of the ARC and the results of TS, 
TSAS, and TSDYN after a computing time of 600 seconds. 
The savings obtained by the metaheuristics are given in per-
cent for 12 problem instances and the two scenarios.
Table 9 shows that on average, savings of 41.5% with a 
given roster, and 51.1% with flexible working times are 
achievable through optimization. The algorithms pre-
sented in Rest and Hirsch (2016) are suitable to support 
the HHC service providers in their daily planning, if the 
HHC workers use time-dependent public transport; to the 
best of the author’s knowledge, this is a novelty in HHC 
planning. The algorithmic ideas of Rest and Hirsch (2016) 
are also used in a commercial DSS (ingentus, s.a.). 
Trautsamwieser and Hirsch (2014) presented an exact so-
lution method and a VNS based algorithm to solve the 
weekly HHC planning problem. The proposed BPC ap-
proach was capable to solve the real-world based test in-
stances with up to 203 jobs, 45 clients, and 9 HHC work-
ers per week to optimality within one hour of computing 
time. The BPC approach of Trautsamwieser and Hirsch 
(2014) can be used to generate exact solutions in smaller 
sized planning units. Moreover, its solutions or generated 
lower bounds can serve as a benchmark in the develop-
ment of (mat-, meta-)heuristic approaches.
Rest and Hirsch (2015) carried out a sensitivity analysis 
that depicts the effects of various disasters in Vienna. The 
paper is based on real-world data of the ARC in Vienna 
and uses the algorithms presented in detail in Rest and 
Hirsch (2016). The results highlight in which areas the 
HHC workers would be overloaded if disasters occur. 
Fikar et al. (2016) dealt with the dynamic case of Fikar and 
Hirsch (2015). Their computational experiments showed 
that the developed solution approach is fast and efficient. 
It can be applied to support real-world operations of trip 
sharing concepts by enabling rescheduling and rerouting.
Fikar and Hirsch (2016) evaluated trip and car sharing 
concepts for HHC services. It is shown that the number 
of required vehicles can be reduced substantially if these 
concepts are used instead of individual cars. Trip sharing 
performs best if long service durations exist, long delays for 
parking occur and in urban as well as rural areas. Suburban 
areas seem to be less suitable for trip sharing systems.
Fikar and Hirsch (2017) studied and classified 44 inter-
national scientific journal publications on HHC routing 
and scheduling. They concluded that this research field is 
highly heterogeneous in terms of the different focus areas, 
objectives studied, and the considered regulative settings. 

Instance
Predefined roster Flexible working time

TS TSAS TSDYN TS TSAS TSDYN

I08 37.8% 37.0% 34.7% 50.9% 50.7% 51.1%

I09 29.8% 29.1% 28.7% 46.2% 46.8% 46.2%

I10 40.7% 38.2% 40.9% 56.2% 55.9% 57.4%

I11 51.5% 51.1% 47.8% 59.2% 58.2% 59.9%

I12 40.8% 34.8% 38.0% 52.0% 52.6% 52.5%

I13 49.3% 48.8% 48.9% 54.2% 53.9% 54.5%

I14 48.9% 47.5% 48.5% 57.8% 56.3% 57.9%

I15 61.1% 60.8% 59.6% 65.3% 64.0% 65.2%

I16 37.7% 34.6% 37.4% 40.6% 39.9% 40.0%

I17 45.7% 41.7% 45.9% 51.9% 51.7% 52.5%

I18 34.9% 33.5% 34.8% 38.7% 37.6% 38.7%

I19 35.3% 35.3% 34.1% 44.0% 42.0% 44.2%

I20 26.6% 23.8% 23.0% 40.0% 43.6% 44.1%

Mean 41.5% 39.7% 40.2% 50.5% 50.3% 51.1%

Table 9. Savings in travel time of HHC workers obtained by TS, 
TSAS, and TSDYN when compared to the actual planning of the ARC 
(cf. Rest and Hirsch, 2016)
Tabelle 9. Einsparungen in der Reisezeit von mobilen Pflegekräften bei 
Anwendung von TS, TSAS und TSDYN im Vergleich zur aktuellen Pla-
nung des Österreichischen Roten Kreuzes (vgl. Rest und Hirsch, 2016)
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Figure 3. Extract of tours during a normal day (Rest et al., 2012)
Abbildung 3. Auswahl von Touren während eines normalen Tages (Rest et al., 2012)

Figure 4. Extract of tours during an HQ200 flood (Rest et al., 2012)
Abbildung 4. Auswahl von Touren während eines HQ200 Hochwassers (Rest et al., 2012)
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4. Conclusion

This paper provides a state-of-the-art review on HHC 
routing and scheduling in Austria. The reader gets a com-
prehensive overview on current developments and some 
future research paths can be identified. The importance of 
doing a research on the care services in Austria is under-
pinned by the author’s work as well as by other authors 
(e.g., Hiermann et al., 2015; Braekers et al., 2016; Jung-
mair and Meixner, 2016). Some alternative mobility con-
cepts for HHC staff still need to be explored. These con-
cepts combine different transport modes with each other 
and may lead to a more sustainable operation of HHC ser-
vices, for example, through reduced emissions or less stress 
for the HHC staff. The solution methods for the planning 
of these alternative mobility concepts can build partially 
on the knowledge gathered in this paper. The conference 
paper of Voegl and Hirsch (2015) evaluated the sustain-
ability criteria for the mobility of HHC staff and identi-
fied about 130 different criteria. As the next step, these 
criteria need to be assessed with suitable indicators and im-
plemented in the planning algorithms. Another important 
issue in HHC planning is the extension of the planning 
horizon. Usually, the HHC service providers work with 
rosters that cover a certain time period, which is chosen 
by the organization. These rosters influence the degree of 
freedom of HHC planning considerably, as shown in Rest 
and Hirsch (2016). Hence, it is necessary to develop new 
models and algorithms to enable an integrated planning. 
This leads to additional constraints due to regulations like 
minimum rest times between single working periods. A 
first step in this direction was the extension of the planning 
horizon to one week in Trautsamwieser and Hirsch (2014). 
Except for one paper (Fikar et al., 2016), all the presented 
papers deal with a deterministic planning environment. 
This is an adequate assumption in HHC, since the plan-
ning can rely on quite static information. Nevertheless, it is 
important to extend research on HHC planning to deal ef-
ficiently with possible short-term changes during the plan-
ning horizon. One research direction concentrates on ro-
bust daily scheduling of HHC staff using public transport, 
which means that the feasibility of a schedule is guaranteed 
with a certain probability in case of disturbances. Ongoing 
work also extends the research on impacts of disasters on 
HHC services. Furthermore, from a methodological point 
of view, there are numerous possibilities to develop new 
algorithms and test them on the presented problem in-
stances. In summary, a lot of research paths open up in the 

area of HHC planning. Some of them are related to other 
areas of research (e.g., stochastic VRPs) and can partially 
build on their findings, but others need to be investigated 
from scratch.

Acknowledgements

The author wants to thank his colleagues, who were work-
ing with him during the past few years on HHC routing 
and scheduling. Moreover, he wants to thank the Austrian 
Red Cross for the ongoing support of his research activities 
on HHC.

References

Archetti, C., Corberán, Á., Plana, I., Sanchis, J.M. and 
M.G. Speranza (2015): A matheuristic for the team 
orienteering arc routing problem. European Journal of 
Operational Research 245, 392–401.

Barnhart, C., Johnson, E.L., Nemhauser, G.L., Savels-
bergh, M.W.P. and P.H. Vance (1998): Branch-and-
price: Column generation for solving huge integer pro-
grams. Operations Research 46, 316–329.

Begur, S.V., Miller, D.M. and J.R. Weaver (1997): An in-
tegrated spatial DSS for scheduling and routing home-
health-care nurses. Interfaces 27, 35–48.

Bertels, S. and T. Fahle (2006): A hybrid setup for a hybrid 
scenario: Combining heuristics for the home health 
care problem. Computers and Operations Research 33, 
2866–2890.

Braekers, K., Hartl, R.F., Parragh, S.N. and F. Tricoire 
(2016): A bi-objective home care scheduling problem: 
Analyzing the trade-off between costs and client incon-
venience. European Journal of Operational Research 
248, 428–443.

Burke, E.K. and G. Kendall (2005): Introduction. In: 
Burke, E.K. and G. Kendall (Eds.): Search methodolo-
gies: Introductory tutorials in optimization and decision 
support techniques. Springer, New York, pp. 5–18.

Cattafi, M., Herrero, R., Gavanelli, M., Nonato, M. and 
F. Malucelli (2012): Improving quality and efficiency 
in home health care: An application of constraint logic 
programming for the Ferrara NHS unit. In: Dovier, A. 
and V. Santos Costa (Eds.): Technical communications 
of the 28th International Conference on Logic Pro-
gramming (ICLP’12).  LIPIcs 17, pp. 415–424.



  221Recent planning approaches and mobility concepts for home health care services in Austria – A review

Die Bodenkultur: Journal of Land Management, Food and Environment 68 (4) 2017 

Cordeau, J.-F., Laporte, G. and A. Mercier (2001): A uni-
fied tabus search heuristic for vehicle routing problems 
with time windows. Journal of the Operational Research 
Society 52, 928–936.

Cordeau, J.-F., Gendreau, M., Laporte, G., Potvin, J.-Y. 
and F. Semet (2002): A guide to vehicle routing heu-
ristics. Journal of the Operational Research Society 53, 
512–522.

Crevier, B., Cordeau, J.-F. and G. Laporte (2007): The 
multi-depot vehicle routing problem with inter-depot 
routes. European Journal of Operational Research 176, 
756–773.

Eveborn, P., Flisberg, P. and M. Rönnqvist (2006): Laps 
Care - an operational system for staff planning of home 
care. European Journal of Operational Research 171, 
962–976.

FICO (s.a.): http://www.fico.com/en/products/fico-
xpress-optimization. Accessed on 8 September 2017.

Fikar, C. and P. Hirsch (2015): A matheuristic for routing 
real-world home service transport systems facilitating 
walking. Journal of Cleaner Production 105, 300–310.

Fikar, C. and P. Hirsch (2016): Evaluation of trip and car 
sharing concepts for home health care services. Flexible 
Services and Manufacturing Journal, DOI 10.1007/
s10696-016-9252-8.

Fikar, C., Juan, A.A., Martinez, E. and P. Hirsch (2016): A 
discrete-event driven metaheuristic for dynamic home 
service routing with synchronised trip sharing. Euro-
pean Journal of Industrial Engineering 10, 323–340.

Fikar, C. and P. Hirsch (2017): Home health care rout-
ing and scheduling: A review. Computers & Operations 
Research 77, 86–95.

Gendreau, M. and J.-Y. Potvin (2005): Metaheuristics in 
combinatorial optimization. Annals of Operations Re-
search 140, 189–213.

Glover, F. and G.A. Kochenberger (2003): Preface. In: 
Glover, F. and G.A. Kochenberger (Eds.): Handbook of 
metaheuristics. Kluwer Academic Publishers, Boston – 
Dordrecht – London, pp. xi-xii.

Glover, F. and M. Laguna (1997): Tabu Search. Kluwer 
Academic Publishers, Boston – Dordrecht – London, 
382 pp.

Hansen, P. and N. Mladenović (2003): Variable Neigh-
borhood Search. In: Glover, F. and G.A. Kochenberger 
(Eds.): Handbook of metaheuristics, Kluwer Academic 
Publishers, Boston – Dordrecht – London, pp. 145–184.

Hiermann, G., Prandtstetter, M., Rendl, A., Puchinger, 
J. and G.R. Raidl (2015): Metaheuristics for solving 

a multimodal home-healthcare scheduling problem. 
Central European Journal of Operations Research 23, 
89–113.

Hirsch, P. (2011): Minimizing empty truck loads in round 
timber transport with tabu search strategies. Inter-
national Journal of Information Systems and Supply 
Chain Management 4, 15–41.

Hirsch, P. (2016): Advanced planning in humanitarian lo-
gistics and bioeconomy. Habilitation thesis, University 
of Natural Resources and Life Sciences, Vienna, 473 pp.

IFRC (s.a.): Humanitarian Logistics. http://www.ifrc.org/
what-we-do/logistics. Accessed on 5 September 2017.

ingentus decision support (s.a.): http://www.ingentus.at/mo-
bile-pflege (in German). Accessed on 6 September 2017.

Juan, A.A., Faulin, J., Jorba, J., Riera, D., Masip, D. and B. 
Barrios (2011): On the use of Monte Carlo simulation, 
cache and splitting techniques to improve the Clarke 
and Wright savings heuristics. Journal of the Operation-
al Research Society 62, 1085–1097.

Jungmair, J.A. and O. Meixner (2016): Green Care: Feasi-
bility study of day care for elderly people on farms. Die 
Bodenkultur: Journal of Land Management, Food and 
Environment 67, 249–257.

Kunz, N. and G. Reiner (2012): A meta-analysis of hu-
manitarian logistics research. Journal of Humanitarian 
Logistics and Supply Chain Management 2, 116–147.

Laporte, G. (2007): What you should know about the 
vehicle routing problem. Naval Research Logistics 54, 
811–819.

Larson, P. (2014): An improvement process for process im-
provement: quality and accountability in humanitarian 
logistics. In: Tatham, P. and M. Christopher (Eds.): Hu-
manitarian logistics: Meeting the challenge of prepar-
ing for and responding to disasters. 2nd ed., KoganPage, 
London – Philadelphia – New Delhi, pp. 19–39.

McKinnon, A. (2012): Environmental sustainability: A 
new priority for logistics managers. In: McKinnon, A., 
Browne, M. and A. Whiteing (Eds.): Green Logistics: 
Improving the environmental sustainability of logistics. 
2nd ed., KoganPage, London – Philadelphia – New Del-
hi, pp. 3–29.

OECD (2013): Health at a glance 2013: OECD indica-
tors. OECD Publishing.

OECD (2014): Health at a glance 2014: OECD indica-
tors. OECD Publishing.

OECD/EU (2016): Health at a glance: Europe 2016 – 
State of Health in the EU Cycle. OECD Publishing, 
Paris.



222 Patrick Hirsch 

Die Bodenkultur: Journal of Land Management, Food and Environment 68 (4) 2017 

Overstreet, R.E., Hall, D., Hanna, J.B. and R.K. Rainer 
Jr. (2011): Research in humanitarian logistics. Journal 
of Humanitarian Logistics and Supply Chain Manage-
ment 1, 114–131.

Quintanilla, S., Ballestín, F., Pérez, Á. and P. Lino (2014): 
A mobile route-planning application for planning 
routes at the hospital at home. In: ORAHS 2014 - 40th 
Annual Meeting EURO Working Group on Opera-
tional Research Applied to Health Services – Book of 
Abstracts, pp. 21–22.

Rendl, A., Prandtstetter, M., Hiermann, G., Puchinger, 
J and G.R. Raidl (2012): Hybrid heuristics for multi-
modal homecare scheduling. Lecture Notes in Com-
puter Science 7298, 339–355.

Rest, K.-D., Trautsamwieser, A. and P. Hirsch (2012): Trends 
and risks in home health care. Journal of Humanitarian 
Logistics and Supply Chain Management 2, 34–53.

Rest, K.-D. and P. Hirsch (2015): Supporting urban home 
health care in daily business and times of disasters. 
IFAC-PapersOnLine 48, 686–691.

Rest, K.-D. and P. Hirsch (2016): Daily scheduling of 
home health care services using time-dependent public 
transport. Flexible Services and Manufacturing Journal 
28, 495–525.

Sahin, E. and A. Matta (2015): A contribution to opera-
tions management-related issues and models for home 
care structures. International Journal of Logistics Re-
search and Applications: A Leading Journal of Supply 
Chain Management 18, 355–385.

Statistik Austria (2017a): Mobile Betreuungs- und Pflege-
dienste 2011 bis 2015. http://www.statistik.at/web_de/
statistiken/menschen_und_gesellschaft/soziales/sozial-

leistungen_auf_landesebene/betreuungs_und_pflegedi-
enste/061950.html. Accessed on 6 September 2017.

Statistik Austria (2017b): Privathaushalte 1985-2016. http://
www.statistik.at/web_de/statistiken/menschen_und_ 
gesellschaft/bevoelkerung/haushalte_familien_lebens-
formen/haushalte/index.html. Accessed on 5 September 
2017.

Tatham, P. and M. Christopher (2014): Introduction. In: 
Tatham, P. and M. Christopher (Eds.): Humanitarian 
logistics: Meeting the challenge of preparing for and 
responding to disasters. 2nd ed., KoganPage, London – 
Philadelphia – New Delhi, 1–18.

Trautsamwieser, A., Gronalt, M. and P. Hirsch (2011): Se-
curing home health care in times of natural disasters. 
OR Spectrum 33, 787–813.

Trautsamwieser, A. and P. Hirsch (2011): Optimization of 
daily scheduling for home health care services. Journal 
of Applied Operational Research 3, 124–136.

Trautsamwieser, A. and P. Hirsch (2014): A Branch-Price-
and-Cut approach for solving the medium-term home 
health care planning problem. Networks 64, 143–159.

Voegl, J. (2015): Mobility concepts in the health care sec-
tor and identification of relevant sustainability criteria. 
Master thesis, University of Natural Resources and Life 
Sciences Vienna, Vienna, 180 pp.

Voegl, J. and P. Hirsch (2015): Sustainability criteria for 
transport of home care staff and frail people. In: KES 
International (Ed.): Pre-Proceedings 2nd Interna-
tional Conference on Sustainable Design and Manu-
facturing. http://sdm-15.prosemanager.com/showpdf.
asp?paperid=sdm15-012&location=upload. Accessed 
on 8 September 2017.


