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Abstract 

The purpose of this study is to investigate the preparedness at the prehospital emergency care 

unit in north-western Skåne. Measuring preparedness is important to ensure that the ability to 

respond on emergency calls is satisfactory. To do this for north-western Skåne historical data 

from 2015 was extracted from SOS Alarm’s database. It was used to calculate preparedness 

using workload and coverage as measurements. The workload was calculated by taking the busy 

periods and comparing them to the ambulances working times. The coverage was calculated by 

defining neighbouring stations to cover for each station and then finding the amount of hours 

when there was no ambulance at either station. These calculations show that two of the six 

stations in north-western Skåne are in need of improvement. To increase the preparedness to a 

good level resources will have to be added at the liable stations. These resources would be new 

ambulances. There is a possibility to relocate ambulances from stations within the district but 

that would lead to a worsened preparedness for the stations which these ambulances belonged to 

in the first place.  

  



Sammanfattning 

Syftet med denna studie är att undersöka beredskapen för den prehospitala akutsjukvården i 

nordvästra Skåne. Att mäta beredskap är viktigt för att se till att förmågan att svara på nödsamtal 

är tillräckligt bra. För att göra detta för nordvästra Skåne har historisk data från 2015 erhållits 

från SOS Alarms databas. Den har använts för att beräkna beredskap med hjälp av 

arbetsbelastning och täckning som mått. Arbetsbelastningen beräknades genom att ta 

ambulansernas upptagettid och jämföra med arbetstiderna. Täckningen beräknades genom att 

definiera angränsande stationer som täcker för varje station och sedan hitta mängden timmar när 

det inte finns någon ambulans vid någon av dessa stationer. Beräkningarna visar att två av de sex 

stationer i nordvästra Skåne är i behov av förbättring. För att öka beredskapen till en bra nivå 

måste resurser läggas till för dessa stationer. Resurserna skulle vara i form av nya ambulanser. 

Det finns en möjlighet att flytta ambulanser från stationer inom distriktet, men det skulle leda till 

en försämrad beredskap för stationerna som dessa ambulanser tillhörde i första hand. 
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Terminology 

 

Busy – When an ambulance is busy (e.g. when it has loaded a patient), it cannot take any new 

calls. 

 

Busy period – The time period an ambulance is busy. 

 

Coverage – An area is considered covered if the station covering that area has at least one 

available ambulance or if the supporting station has at least one ambulance available. The 

supporting station is Ängelholm for all stations except for Höganäs where Helsingborg is the 

supporting station.  

 

Prehospital – Umbrella term for all health care made before a patient reaches the hospital. 

 

Preparedness – A measurement to represent the ability to respond to incidents. E.g. if the 

coverage of a municipality is 20% and the workload is 90% the preparedness can be considered 

low. 

 

Workload -  The proportion of time an ambulance is busy in relation to its working hours.



1. Introduction 

This chapter introduces the problem of which this study aims to solve. It provides a short 

description of the background and the study questions. 

 

In Skåne, the prehospital emergency health care is divided into four districts. Each district has 

their own prehospital emergency care unit and are responsible for responding to all calls in the 

district. A district consists of several municipalities with ambulance stations placed 

strategically within the municipality. However, some smaller municipalities do not have their 

own station and are covered by ambulances belonging to nearby stations. Ambulances do not 

always respond to a call from their station; if they are not busy and on the road they can 

respond to nearby calls if needed. This work focus on one district in Skåne; District 3 also 

known as District NV. This district has its main office in Helsingborg and consists of 8 

municipalities: Helsingborg, Höganäs, Ängelholm, Åstorp, Båstad, Bjuv, Klippan and 

Örkelljunga. There are ambulance stations in Helsingborg, Höganäs, Ängelholm, Båstad, 

Klippan and Örkelljunga. A map of the district is shown in Figure 3.  

  

The calls arrive to the prehospital emergency care unit through SOS Alarm. SOS Alarm is 

responsible for receiving all calls to the national emergency number 112 and controls all 

ambulance movement in Skåne. Operators receive calls and then distribute the calls to the best 

suited ambulance. The calls are prioritized in four different classes. Priority 1 is a patient with 

an urgent life threatening symptom and the closest ambulance is always sent. Priority 2 is an 

urgent call, but the patient does not have a life-threatening symptom. Priority 3 is all other 

ambulance calls which means a call with a patient that can wait for a while. The ambulance 

chosen for this call will be in consideration of the total preparedness in case of a higher 

priority call coming in. Priority 4 is a patient transportation that also could be performed by a 

special patient transportation car or a taxi and is usually between two hospitals. The transport 

is most often scheduled well in advance while considering the overall preparedness.  

  

This study focuses on measuring the preparedness in District 3. Preparedness is a way to 

describe the ability to quickly and efficiently respond to calls in the area. To measure this, the 

study includes measurements on the workload and how well ambulances from different 

municipalities cover for each other. The workload is defined as the proportion of a time 



interval an ambulance is busy in relation to its working hours. An area is considered covered 

if the station covering that area has at least one available ambulance or if the supporting 

station has at least one ambulance available. The supporting station is Ängelholm for all 

stations except for Höganäs where Helsingborg is the supporting station. Using these two 

measures the preparedness in District 3 can be evaluated. 

1.1 Purpose 

The purpose of this thesis is to analyse the resource usage at the prehospital emergency care 

unit in north-western Skåne by measuring historical preparedness. Furthermore, the purpose is 

to give recommendations regarding where and when more resources might be needed.  

 

1.2 Study questions 

The questions to be answered within this work are as following: 

● What does the historical preparedness look like for District 3? 

● If it occurs, how often are all ambulances in a station as well as the supporting 

station busy at the same time? 

● If needed, how can resources be added or relocated to maintain a good 

preparedness? 

 

  



2. Methodology 

This chapter include the methods necessary to complete the study. It describes qualitative 

data collection methods such as observations and interviews as well as the quantitative 

methods for the calculations and analysis on which the results are based. 

 

2.1 Data collection methods 

There are two main types of researches that can be executed, qualitative and quantitative 

research. This means that the collection of data can be divided into the same categories. 

Depending on the nature of the study qualitative, quantitative or a combination of both data 

types should be collected. Silverman (2013) states that quantitative data should be used when 

the research is using statistical and numerical methods and qualitative data is best suited when 

the nature of the study is of the analytical type and a deeper understanding of the subject is 

needed.  

 

The most common types of qualitative data collection methods are interviews and 

observations. Interviews are, according to Silverman (2013), suitable when the opinion of a 

specific group of people or someone’s view of an experience is needed. Observations are 

often used to collect qualitative data. There are however some exceptions when observations 

generate quantitative data. This solely depends on how the collected data is processed.  

 

2.2 Literature studies 

Finding and taking part of relevant literature is an essential part of every research. According 

to Hart (2001) there are two kinds of literature to be pursued at the beginning of a project. 

These two are: literature within the field of study and literature on research methodology and 

data collection. The key for all research is to present how to collect data and how to analyse it. 

Through a critical analysis of relevant existing research, the project gets a steady foundation 

and that convinces the reader of the validity of the work. Furthermore, this gives the 

researchers the essential knowledge for their study and how to retain this knowledge in a 

scientific way.  

 



Hart (2001) defines six stages for a ‘quick’ search. These six stages are a way of gaining an 

effective overview of the field of study as a basis for reviewing the literature and contains 

getting to know the library, define keywords, use a suitable section of the library and search 

for books, articles and journals bot in the library and at the internet. These stages are a good 

reference for maintaining a resolute method while researching both for methodology and for a 

theoretical frame of reference. 

 

2.3 Interviews 

Interviewing is a well-known method to gather qualitative information and data. There are 

several different strategies to use when interviewing which might give different results 

depending on which strategy is used.  

 

According to Alvesson (2011) there are three different interview structures to use. The first 

one is the structured interview where everything is planned beforehand and the interview 

should stick to this plan at all time. The second is the semi-structured interview where the 

questions are decided but are of a more open character. Furthermore, the interviewed person is 

allowed to drift away from the subject. The third structure described by Alvesson (2011) is the 

uncoordinated interview where the theme is decided but the interviewed person has control to 

freely tell a story or describe an event as well as drift away from the decided theme.  

 

It is important to be able to collect and store the data and answers gathered from the interview. 

To do this Dalen (2015) recommends using some sort of recording equipment which makes 

sure the interviewed persons own words are preserved and nothing is forgotten by the 

interviewer. If recording equipment is used it is favourable for the study to transcribe the 

entire interview afterwards to use as reference for the study.  

 

The final step is to analyse the collected answers and data. There are no standard practises for 

analysing qualitative data from interviews therefore it is up to the interviewer to do this in a 

suitable manner. Dalen (2015) is however pointing out the importance of using a combination 

of the collected notes as well as the recording of the interview to be able to analyse the data in 

a satisfying manner. 

 



2.4 Observations 

When doing observations, one of the challenges is to gain access, especially in sensitive areas 

like the prehospital emergency care unit. Performing observations on critical actions such as 

ambulances transporting patients or calls coming in to SOS Alarm generate very delicate 

information. Therefore, it is very important to show respect to the patients and the people 

working.  

 

According to Silverman (2013) there are two different types of sources that can be observed. 

One with ‘closed’ or ‘private’ settings which mean that access to data is controlled by a 

gatekeeper. The other with ‘open’ or ‘public’ settings which means that anyone can access the 

information. In this case the type is ‘closed’ and to gain any connection to the fields wanted 

for observation there are several people that needs to accept the presence of observers. At the 

very least the observant will need to sign a professional secrecy contract to safe keep the 

patient's integrity. Giampietro (2011) says that observations can be done through two different 

strategies; the non-participant observation and the participant observation. In a non-participant 

observation, the researcher observes from a distance, not interacting with the subjects of the 

observation. This strategy is used in studies where it is important not to influence the subjects’ 

behaviour. In participant observations on the other hand, the researcher establishes contact 

with the subjects and stays with them in their natural environment. 

2.5 Validity and reliability 

According to Creswell (2014) validity is the act of securing the accuracy of data, and 

reliability means that study has been made using standardized methods. To ensure reliability 

in this study each method and theory are found in scientific books and published articles.  

 

Silverman (2006) writes that a purportedly ‘accurate’ statement can have two possible types 

of errors. The type 1 error is believing it is true when in reality it is not. The type 2 error is the 

opposite of type 1, stating it is not true, when in fact it is. Furthermore, Silverman (2006) 

claims that no data collection method can be analysed without some form of qualitative input 

since the analysis is an interpretation of the data. 

 



Creswell (2014) describes several validity strategies to enhance the study’s accuracy and 

ability to convince the reader of said accuracy. There are eight strategies that are considered 

primary and are those most frequent and easy to use:  

 

 Triangulation - Combining different theories, methods and data to create an objective 

representation of the study. For example, combining interviews with observations or 

surveys. The assumption is, if the data give similar conclusions, the validity of those 

conclusions is acceptable. 

 Member checking - To determine the truthfulness of the conclusions the final report is 

taken back to the subjects of the study to make sure the subjects feel that the 

conclusions are accurate. With this, any errors in the interview or a rare occurrence in 

the observations are eliminated. 

 Rich, thick descriptions - Using detailed descriptions to allow the reader to enter the 

setting offers a better chance to make the results more realistic and richer. By doing 

this the validity is enhanced. 

 Clarifying the bias of the researcher - By conducting a self-reflection it creates a better 

narrative and allows the reader to keep the researcher's interpretation of the 

conclusions in mind while approaching the results. 

 Presenting discrepant information - Discussing information that counter the 

conclusions or results the study becomes more realistic and more valid. 

 Spending prolonged time in the field - With in-depth understanding of the subjects of 

the study and more detailed knowledge the study becomes more accurate and therefore 

it will have more validity in its conclusions. 

 Peer debriefing - Peer debriefing involves having a person reviewing and asking 

questions about parts the study so that people other than the researchers will scrutinize 

data concluded from observations and interviews. This adds to the validity and helps 

eliminate possible errors. 

 External auditor - The use of an external auditor to review the entire project. The 

distinction from peer debriefing is that the auditor is not familiar with the researcher or 

the project and can therefore provide an objective assessment of the work. 

(Creswell, 2014, pp. 191-192) 

 

 



2.6 Ethical considerations 

This chapter will discuss the ethical aspects needed to consider for this thesis work to make 

sure the research follows the precedent for ethical research. Since the work will include 

delicate patient data this is extra important. Silverman (2013) describes the instructions from 

the British Economic and Social Research Council (ESRC) regarding ethical research. The 

abridged version of their rules are as follows: 

 

1. Research staffs and subjects must be informed fully about the purpose, methods and 

intended possible uses of the research, what their participation in the research entails 

and what risks, if any, are involved. 

2. The confidentiality of information supplied by research subjects and the anonymity of 

respondents must be respected. 

3. Research participants must participate in voluntary way, free from any coercion. 

4. Harm to research participants must be avoided. 

5. The independence and impartiality of researches must be clear, and any conflicts of 

interest or partiality must be explicit. 

(Silverman, 2013, p. 162-163) 

 

By applying these rules to the thesis work a good frame for keeping the ethical aspects in 

consideration is created, but according to Creswell (2014) there are several ethical issues that 

should be anticipated during a study. These ethical issues are divided through the research 

process and are all equally important to consider. Prior to beginning the study, it is very 

important to consider a code of ethics. In this case, the rules from ESRC has been applied as a 

framework. Furthermore, the research plans have to be approved by the university where the 

research is conducted, in this case a thesis application has been submitted to the study 

principal prior to conducting the study. In addition to this application all participants of the 

study need to agree to the provisions of data before providing it. It is also a necessity to 

acquire the permissions needed to conduct the study, such as gaining access to historical data 

and statistics. It is very important to make sure the site studied does not have any vested 

interest for the researcher, in which case another site should be considered for the study. If the 

work is supposed to be published, the authorship of all contributing individuals should be 

discussed. 

 



When the study has begun, Creswell (2014) shows that there are other ethical issues that 

occurs. During the identification of the research problem it is important to make sure the 

individuals studied can benefit from the study. In addition, when stating the purpose of the 

study it has to be described to the participants in an understandable manner. In this state it is 

important to be truthful with the purpose so as not to deceive the participants by having an 

ulterior motive with the study. It is also important not to pressure the subjects to signing any 

forms of consent to make sure all participation is voluntary. If the research interlines with any 

cultural, religious, gender or other factors that could be sensitive the researchers need to 

respect the norms and charters of that factor. 

 

Furthermore, Creswell (2014) identifies additional issues while collecting data for the study. 

While at the site of study it is important that the researchers show respect and makes sure not 

to disrupt the site. If the study has an outcome that will benefit participants it is important to 

collect data so that all of the subjects can benefit from that outcome. While collecting the data 

it is also important not to deceive the participants by constantly reminding the participants of 

the purpose of the study. It is also critical not to collect any data that could harm the 

participants. Making sure participants are not exploited by sharing the final report is very 

significant for conducting a study respecting the participants.  

 

When the data is analysed Creswell (2014) stresses the importance of being objective. In the 

conclusions it is crucial to never ‘take sides’ and putting the participants in a favourable light 

while being sure not to disrespect the privacy of the participants.  

 

When sharing the data, the truthfulness becomes the focus of ethical issues. Creswell (2014) 

mentions not to falsify authorship, data or conclusions in the study. In addition to that 

plagiarising, disclosing intimate information and duplicating others work are common pitfalls 

that needs to be avoided before publishing. It is also important to use clear appropriate 

language and share all data used in the study (anonymising or discarding intimate data).  

 

These ethical issues might not all be applicable to this thesis work, but if they were to occur it 

is still important to be prepared and anticipate them. To secure the ethical issues, this thesis 

work has considered the ethical safeguards presented by Silverman (2006). These will make 

sure everyone participating in the study is doing so by free will, all comments and noted 



behaviour is kept confidential, ensure safe participation and provide mutual trust between all 

involved parties.  

 

2.7 Data analysis 

When data for a study has been collected the next step is to organise and analyse. First the 

data has to be prepared and organised which according to Sapsford and Jupp (2006) leads to 

four questions regarding the nature of the data, the type of analysis planned to used, the 

research objectives, the type of report that is going to be written and the resources available 

for the data processing. 

 

Depending on the answers to the questions different methods may be used. Since this thesis is 

an academic paper Sapsford and Jupp (2006) recommends transforming the raw data into a 

more structured and summarising layout. This makes it easier to perform calculations and 

hypothesis testing.  

 

When processing data a very common occurrence is missing data, and depending on the 

amount of missing data this could lead to problems. According to Sapsford and Jupp (2006) 

the problems occur when data is missing from places where it is expected or crucial. The only 

way to deal with this is to state in the presentation of the data that some numbers or answers 

are missing and in what proportions so the reader is notified.  

 

There are some fundamentals of qualitative data analysis. Silverman (2011) states 5 different 

important points in data analysis. The first point is to familiarise yourself in detail with a 

sample of the data. The second point is labelling the data. Point three is about reflecting on the 

work that is done and why it is done. The fourth point is to review the labelling and redefine if 

needed. The last point is to find and focus on key labels. For this study point 1, 3 and 5 are of 

most use since the data collected regarding the ambulances calls is quite large-scaled and 

therefore difficult to label.  

 

Patton (2015) highlights the importance of finding patterns and themes in the collected data 

which makes it easier to find a suitable analytical approach. One way to find patterns and 

themes is to define and catalogue keywords, sorting the data to a more structured layout. 

 



In this study the data was received from SOS Alarm and contained all calls received by 

District 3. The data was unsorted and unlabelled. The first step was to find out which part of 

the data that would be used in the calculations. Secondly this part was sorted and labelled for 

each of the stations. Later in the study the data had to be relabelled in some cases to make the 

calculations easier. For the final results all of the data had to be sorted again to be able to 

present the calculations in a distinct manner. The data is more thoroughly reviewed in Chapter 

5.1.  

  



3. Theoretical frame of reference 

This chapter describe theories relevant to the study. It presents a general description about 

logistics which later is narrowed down to more specific theories used by the researchers. 

 

3.1 Logistics 

More and more organisations are becoming aware of the importance of a well-functioning 

logistics system. Most definitions of logistics are very similar because the general idea is the 

same. There are however many smaller areas of logistics which differ from each other. 

Kasilingam (1998) describes the general idea of logistics as: 

  

“Logistics represents a collection of activities that ensures the availability of the right products 

in the right quantity to the right customers at the right time.” 

(Kasilingam, 1998, p.1) 

 

Jonsson and Mattsson (2011) describes logistics as the science of efficient material flow. This 

means that with proper implementation of logistic systems, every stakeholder should gain an 

economic advantage. In many cases the advantage is gained from lowering the costs of the 

companies. Jonsson and Mattsson (2011) also states that it is common to describe logistics as 

an open system which is communicating and exchanging information with its environment. 

For example, a production company communicates with its customers and sub-contractors to 

understand the estimated demand and to create forecasts. This makes sure that the right 

quantities are ordered and produced, thus lowering stock and waste costs.  

 

One of the smaller areas of logistics mentioned before is emergency response and 

management. This means planning and managing resources such as ambulances, police cars 

and personnel to prevent and mitigate damage from accidents, urgent medical conditions and 

other emergencies. When working with emergency response and management, it is common 

to use quantitative methods, such as optimization, simulation and GIS. The most common 

objective of a study within emergency response is to define or improve the preparedness of a 

sector by investigating the amount of calls reached by ambulances in a certain time and the 

area ambulances are covering. There are different ways to measure preparedness and one 



method is to combine coverage and workload. These measurements are described in this 

chapter.  

 

3.2 Preparedness 

Preparedness is not a widely recognized concept and sometimes it is divided into two separate 

measures. Andersson and Värbrand (2007) defines preparedness as: 

 

“Definition 1 (Preparedness): In ambulance logistics, preparedness refers to the ability of 

being able to, within a reasonable time, offer qualified ambulance health care to the 

inhabitants in a specific geographical area.” 

(Andersson and Värbrand, 2007, p. 786) 

 

With this definition, one of the measures addressed is coverage. The definition used by 

Andersson and Värbrand (2007) describes preparedness as the ability to, within a time, reach 

all calls within a zone. This is applied in this study as coverage. Coverage does not include the 

risk that an ambulance will become busy (which will affect the ability to respond). The 

workload does however. A more in-depth explanation on coverage is provided below. 

 

Furthermore, in the definition by Andersson and Värbrand (2007) ‘reasonable time’ is used. 

Reasonable time in this case would, according to Andersson and Värbrand (2007), be that 

75% of all prio 1 calls are served within 10 minutes, 95% within 15 minutes and 99% within 

20 minutes. The goals presented by Andersson and Värbrand (2007) were made for 

Stockholm in Sweden but are still relevant for other areas. 

 

As mentioned above, preparedness is not used as a single measure in this work. Andersson 

and Värbrand (2007) has constructed a formula for preparedness where they calculate 

preparedness for zones with all the nearby ambulances as resources. The formula is as 

follows: �� = 1寵�∑ ⋎�������=1  and uses travel time, number of ambulances and amount of calls 

together with a weighted preparedness factor to calculate a preparedness rate. Instead of using 

a calculated preparedness rate it is possible to use a combination of coverage and workload. 

Andersson and Värbrand (2007) mentions that when predicting calls there is always the 



possibility that the closest ambulance might be busy. Therefore, when measuring the 

preparedness from historical data it is important to include the busy periods. 

 

3.3 Busy periods and workload 

In this study, one of the measures used to assess preparedness is workload. By looking into 

historical data about the ambulances calls, it is possible to calculate the workload. 

 

According to Bell and Allen (1969) the ambulance system can be compared to a queuing 

system. The patient is considered as a newly arrived customer when the call for an ambulance 

comes in. The service begins the moment when an ambulance is dispatched to the patient. The 

service ends when the ambulance once again is available for new calls. In ‘normal’ queuing 

theory, the time when an employee serves a customer they are considered busy. The time 

between the beginning of the service and the end of the service is the employees’ busy period 

for that customer. The same applies to the ambulance. The time it takes to serve the patient by 

arriving, caring and transporting the patient is the ambulance’s busy period.  

 

Singer and Donoso (2007) has defined the business process for an ambulance in the following 

way. The process starts when a call-taker receives the call and gathers information about the 

situation. Then an operator (often a nurse) makes a medical assessment of the situation. If an 

ambulance is needed the call is transferred to a dispatcher who decides which ambulance to 

send. The chosen ambulance will then proceed to, if needed, treat the patient at the site before 

taking the patient to a hospital. The busy period for an ambulance is the steps from the ‘pre-

process in the base’ to the ‘post-process in the base’. However, an ambulance can be 

considered available at the hospital after dropping off the patient if there is no need to re-stock 

supplies or clean the ambulance. The time an ambulance spends with the steps in relation to a 

time interval makes up the workload. This process can be seen in Figure 1. 

 



 

Figure 1. Flow diagram showing the process of the ambulance service (Singer and Donoso, 

2007, p. 2550). 

 

Ingolfsson (2013) defines workload as the time an ambulance is busy with a call which is the 

definition used for busy period in this study. Ingolfsson (2013) explains that the busier the 

ambulances are, the busier it gets at the emergency department. Therefore, measuring the busy 

periods of the ambulances is not only important for the prehospital emergency care unit but 

also for the intrahospital emergency care unit. Because of this direct correlation, an 

emergency unit can plan their schedules according to the busiest hours of the ambulances. 

This makes busy periods a key measurement not only for the ambulances but also for the 

hospital. 

 

The definition of workload for this study is “The proportion of time an ambulance is busy in 

relation to its working hours”. The inverted form of workload would then be a state that is 

idle. Berestycki (2014) shows that using the renewal theory of M/G/1-queueing the 

probability of a server being idle can be calculated. A M/G/1-queue is a model where the 

arrivals in the system are regulated by a Markovian Poisson process and the service time has a 

general distribution. It is constructed for a single server. The formula is shown in Figure 2 

where P(t) is the probability that a server is idle at the time t, E(I) is the expected value of the 

idle time of the server and E(B) is the expected value of the busy time of the server. 

 



 

Figure 2. Formula for the probability of an idle state for the server in a M/G/1-queueing 

model. 

 

What this formula also shows is that the probability that the server is idle at time t, goes 

towards the expected fraction of time it is idle.  

 

3.4 Coverage 

Coverage can be used as an indicator for preparedness. By knowing the positions of 

ambulances or stations, the coverage per district, unit or station can be calculated with the 

right tools. Ingolfsson (2013) defines coverage as: “Coverage refers to the proportion of 

calls with response time below a time standard, such as 9 min” (Ingolfsson, 2013, p. 112).  

 

There are however different ways to calculate coverage. Instead of looking for the reachable 

area within a certain time another common method is to find out what proportion of the area’s 

population is reachable in a certain time. The downside with this method is that the population 

is constantly moving and seldom remain at one place for a long period of time and therefore 

the coverage is likely to give a wrong value.  

 

Another method to calculate coverage is, as Ingolfsson (2013) suggests, to find out what 

proportion of the total number of historical calls in the area that is covered within a certain 

time. This is a way to prioritise areas with higher frequency of calls but the risk is that it is 

easy to overlook calls types with low frequency but serious outcomes.  

 

Erdogan et al. (2009) discusses something they call “expected coverage” which is done with 

the probability for coverage to calculate the coverage that can be expected for a certain area. 

There are several models discussed on how to do this, but the basic calculation is to use the 

scheduling for the ambulances working in an area and use an income of calls for the same 

area. 

 



Xueping et al. (2010) writes a review about another method for coverage which is called the 

“Double Standard Model”. The purpose with this model is to make sure that each call is 

covered by at least two ambulances. It does so by defining demand points and points for the 

ambulances. By then measuring the distance between these points it is possible to place the 

ambulance to maximize the amount of demand points covered by at least 2 ambulances.  

 

There are some problems with calculating an accurate coverage for ambulances. One reason is 

according to Henderson (2011) that ambulances seldom remain in one place or on a station for 

a long time, instead they need to constantly move to cover for other ambulances that leave for 

a mission and therefore generates a “hole” in the coverage.  

 



4. The Prehospital Emergency Care Unit in District 3 

This chapter describes the current state of the prehospital emergency care unit in District 3 

and shows a map of its municipalities and stations. Furthermore, the interview and 

observations conducted are presented. 

 

As mentioned before, District 3 has its main office in Helsingborg and consist of 8 

municipalities; Helsingborg, Höganäs, Ängelholm, Åstorp, Båstad, Bjuv, Klippan and 

Örkelljunga. At the time of the study, the district has a total of 17 ambulances and 6 stations. 

The municipalities are shown in the coloured areas in Figure 3 below and the stations are the 

coloured pins.  

 

To understand how the district relate to the standard methods for prehospital care both an 

interview and observations were made. Håkan Kerrén was the subject for the interview and 

with his position as area manager he was able to give good insight on the whole district. The 

observations were not made at the prehospital care unit but at the SOS Alarm centre in 

Malmö. The observations were made both of operators who receive calls as well as the 

dispatchers who control the ambulances. The observations were split into several visits to 

ensure better understanding of the work SOS Alarm does.  

 

 



Figure 3. Map of north-western Skåne with the municipalities and stations in District 3. 

 

4.1 Interviews 

To gain further knowledge of the prehospital emergency care unit in District 3 and to confirm 

the information already collected at informal meetings and conversations an interview with 

the area manager Håkan Kerrén was conducted. In the following section, the questions are 

stated and Kerréns answers are summarised.  

 

Describe the prehospital emergency core business with focus on the ambulances 

The core business is to help all people in need of care regardless of the priority of the 

emergency. The prehospital emergency care unit is directly dependent to SOS Alarm who 

decides which ambulance will be sent to which location.  

 

Describe District 3 regarding hospitals, stations, ambulances and the ambulances 

schedules 

District 3, also known as north-western Skåne, consist of two hospitals whereof one is an 

emergency hospital located in Helsingborg and the other is a local hospital located in 

Ängelholm. In most cases, patients in need of intensive care are sent to Helsingborg and the 

remainder are sent to Ängelholm. The 6 ambulance stations of District 3 are located in 

Förslöv, Helsingborg, Höganäs, Ängelholm, Örkelljunga and Östra Ljungby. The number of 

ambulances at each station are illustrated in Table 1. 

 

Table 1. Number of ambulances at the stations in District 3. 

Station Number of ambulances 

Helsingborg 6 

Ängelholm 3 

Höganäs 1 

Örkelljunga 1 



Östra Ljungby 2 

Förslöv 1 

 

In total there are 17 ambulances in the district, however only 14 of these are used for 

scheduling. The ambulances schedules changes from time to time but this is not very 

common. This is also the case for the work times and shifts for the ambulance crew. The 

ambulance crew prefer as few shift changes as possible, the most popular opinion is that two 

shifts per day is the best solution.  

 

What are the routines when all ambulances in an area are busy? 

In cases when all ambulances in an area are busy, the primary rule is that the closest vacant 

ambulance takes the call. This however depends on the priority of the call and what the closest 

ambulance´s current mission is.  

 

How is preparedness measured today and where is the preparedness rate too low? 

Today there are no methods to measure preparedness. Statistics however, tells that 

Örkelljunga and the vicinity of Båstad currently has the lowest preparedness rates. The most 

urgent problem to solve is to lower the response times of calls with priority 1 in these areas, 

mostly because the cost per call is fairly high. 

 

Is it possible to perform changes within the prehospital emergency care unit? 

There are possibilities to make changes but there are also economical restraints. Changes are 

possible to perform within the set budget. 

 

4.2 Observations 

To gain further understanding of the prehospital emergency care as a whole, observations at 

SOS Alarm was performed. The operators knew that they were observed and in between the 

observations some of the staff answered all emerging questions.  

 

SOS Alarm is a necessary organisation for the emergency care unit, with tasks such as 

receiving calls from the national emergency number, decide the priority of the calls and 

dispatch ambulances. The prehospital emergency care unit is a part of Region Skåne which 



utilizes SOS Alarm for the service they provide. In this section, the process when a call is 

received at SOS Alarm is described as well as common problems.  

 

When the operators at SOS Alarm receive an emergency call the first step is to learn what has 

happened and assess how urgent the situation is. All operators do not have medical education 

such as enrolled nurse, there are however mandatory in-service trainings. Therefore, the 

operators might not always be able to judge the urgency of the call and assign the right 

priority in a correct way. As a result, there are nurses available who assist the operators during 

the call to ensure the right priority. All calls that require one or several ambulances are 

handled directly by the operators, while the other calls are transferred to the police, fire and 

rescue services or other services.  

 

When the operator has gathered the required information about the patient and assigned a 

priority, a case opens and become available for an ambulance dispatcher. The dispatcher’s 

assignments are to control the movement of, and assign calls to the ambulances. Often the 

closest vacant ambulance is dispatched although that depends on the priority of the call and 

how well the area is covered. Additionally, there are planned transports that has to be 

performed by ambulances and need to be taken into consideration by the dispatchers. The 

work station of an ambulance dispatcher is illustrated in Figure 4.  

 

 

Figure 4. The operator workstation at SOS Alarm. 



 

There are some challenges for SOS Alarm that makes statistics less reliable and the job more 

difficult for operators. One example is the amount of unnecessary calls received. In 

approximately 30 % of all received calls there is no caller or the caller does not need an 

ambulance.  

 

Another case is when the ambulance signalises the call as completed. Region Skåne has 

decided that the call has to be signalised as completed within 15 minutes after the patient has 

arrived to a hospital. This is rarely the case though, because the work for the ambulance crew 

is not done upon arrival at the hospital. Because of this decision by Region Skåne the 

ambulance dispatcher is forced to mark the ambulance as vacant after 15 minutes even though 

it might still be busy. This causes errors in the statistics and makes the data less reliable. 

During the observation it was found that the general opinion of the dispatchers at SOS Alarm 

is that this decision is adverse for the prehospital emergency care unit. In the dispatcher’s 

computer mainframe there is an alert after 15 minutes from arriving to the hospital for each 

ambulance. Since it is so unusual for the ambulance crew to be ready after such short time this 

alert is mostly annoyance for the dispatcher.  

 

Another problem for SOS Alarm and the prehospital emergency care unit is that some 

ambulance crews does not want to work in some areas. These areas usually have a hospital 

and high amount of calls. Crews far from their home station dropping off a patient tend to 

hold off on signalising as available to make sure they are not assigned to another call in the 

area. Therefore, there are times when the crew signalise the ambulance as vacant first on the 

way back to another area when it is too late to turn around. This might cause the coverage to 

decrease in the area and the busy periods increase.  

  



5. Calculation model 

In order to calculate workload and coverage we obtained historical call data from SOS 

Alarm. The data included all calls for 2015 and consisted of about 32 000 calls. The 

calculations were performed in Microsoft excel and the results are presented in diagrams and 

tables. 

5.1 Sorting the data 

The data received from SOS Alarm contain 17 columns in a Microsoft Excel document, in the 

following section the meaning each column is described. 

Call number 

The first column contains a 10-digit call number for the call which is used to identify and 

make it possible to access the information for a call at all times.  

Cause of interruption 

The next column is called “cause of interruption” and is only used if the call was cancelled, in 

which case the cause of interruption is described. An example of a cause of interruption is if 

the patient used a taxi instead of the ambulance which was on the way, the cause of 

interruption is then marked “taxi”.  

Station 

The third column, named “station”, display the station from which the ambulance was sent. If 

the ambulance was sent from Helsingborg’s station the column is marked with “Helsingborg 

ambulance”.  

Resource 

The column named “resource” show a 7-digit ID, representing the ambulance sent for the call.  

Created 

Another important column is called “created” which shows the exact date and time the call 

was created. For instance, one of the cells in this column display “15-11-26 23:41:15” which 

makes it possible to sort the calls on date or time. 



From area/From area name 

The column that makes it possible to identify the area from which the ambulance was sent, is 

called “from area”. The downside is that the information is written in area codes such as 

“L960”, which makes it difficult to identify the area in a fast manner if the area codes are not 

known by heart. The next column “from area name” however, complement this information 

since it represents the name of the city in which the area is located. If the area code is L960 

for instance, the next column clarifies that the area is located in Örkelljunga. In the same way 

the following column named “municipality” describe the municipality in which the area code 

is located. 

Priority 

The next column displays the priority of the call. If the operator at SOS Alarm assess the 

priority as life threatening, the priority will be 1 and the closest ambulance is sent.  

Index 1/Index 2 

The following two columns, “index 1” and “index 2”, contains information from the operator 

at SOS Alarm about the patient so the ambulance crew know what to expect when arriving to 

the patient. Index 1 can for instance contain “accident (trauma), while index 2 contain a 

further description such as “suspected high-energy violence”. 

Status 

The remaining columns display different statuses of the call. “Status_T” is the date and time 

when the call was given to an ambulance, “Status U” is the date and time when the ambulance 

crew confirm that the call will be taken and has started to travel towards the call site, 

“Status_F” is the date and time when the ambulance arrives to the patient, “Status_L” is the 

time and date when the patient is loaded onto the ambulance, “Status_S” is the date and time 

when the ambulance arrives at the hospital and “Status H/K” is the date and time when the 

call is finished. At first “Status_T” was used as the start time for a call. However, it was 

discovered that this column contained many errors such as missing data. Because of this the 

column “Status U” was used for start times and “Status H/K” was used as end times.  

Of these 17 columns, only 4 was used for the calculations; “call number” to identify the call, 

“station” to be able to sort the calls per station as well as the statuses “U” and “H/K” to extract 

the start and end times. 



 

5.2 Assumptions and simplifications 

To ensure the calculations would be possible to realize within the time of the study some 

delimitations had to been defined. This chapter will present all of these. 

 

In the district there are two types of ambulances called emergency ambulances and transport 

ambulances. These two differ by the personnel which operates them. An emergency 

ambulance has a specialized nurse while a transport ambulance has a basically trained nurse. 

These two different types are considered as the same within this study. Since it is rare that 

there is an emergency that only one of these types can handle this simplification will not 

affect the result. 

 

There are ambulances that does not adhere to the district that still operates and takes some of 

the calls within the district. This happens because the operators at SOS Alarm chooses the 

best suited ambulance which might not always be ambulances within the district. These 

ambulances technically enhance the coverage of District 3 but is not included in the 

calculations. This means that the results will show higher amount of hours with no coverage 

and a higher workload, but since District 3 should be able to fare for themselves this could be 

considered a good thing. 

 

When the ambulances give the ready signal after a call, they are at the hospital and not at their 

station. In this study they are considered to be at their station when they signalise as ready 

since the positioning data is not available for the researchers. This means that the results will 

have an error margin for coverage. 

 

Sometimes an ambulance sends a status signal indicating that it is available, but the signal for 

various reasons is not received. This causes an error in the data because an ambulance might 

actually be vacant when it is marked as busy. This will not be considered in this study since 

these errors are impossible to find.  

In reality, a busy ambulance can be interrupted during a call to serve a higher prioritised call. 

In this study this is not taken into consideration and all calls are considered to have the highest 

priority. This means that the results will show a higher amount of hours with no coverage. 



 

5.3 Workload calculations 

The formula for calculating workload was based of the formula used by Berestycki (2014), 

shown in Figure 2, by inverting the formula and not considering the probability since 

historical data was used. This gives the formula: � = 喋喋+�, where W is workload, B is busy 

period and I is idle time.  

First the busy periods for each call in the whole district was calculated. To do so Microsoft 

Excel was used. Using the functions in Excel, the starting hour and ending hour of each call 

was received. To get the exact time the starting hour was then increased by one and the 

difference between the starting time and that time gave the exact time spent on the first hour. 

For example, if a call has the starting time 08:24:20 the starting hour would be 08:00:00. It 

increases to 09:00:00 and the difference between the two gives the time 00:35:40 spent on the 

first hour. Then the difference between the ending time and ending hour was calculated. For 

example, say the call that started 08:24:20 ended 14:23:17. That would give the ending hour 

of 14:00:00 bringing the busy period for the last hour to 00:23:17. In this example there are 

several hours in between the first and the last. These hours were added to their own column 

and counted separately. For this example, that would give us 9, 10, 11, 12 and 13 that would 

each add 60 minutes to the busy period for this call. With the three columns for every call in 

the whole district the time in seconds for each starting and ending hour were calculated. In the 

above example that would give 2140 seconds for the starting hour and 1397 seconds for the 

ending hour.  

With the time for each call, a function that counted busy periods and sorted them for each 

hour of the day was created. In the example above that call would add 2140 seconds to hour 8, 

3600 seconds (a whole hour) would be added to hour 9, 10, 11, 12 and 13, and 1397 seconds 

would be added to 14. This was shown in a table which was put in relation to the working 

hours of the ambulances. This gave the workload for each hour of the day as well as the total 

workload. To give a clearer picture of how the workload is divided over each of the hours of 

the day the total workload was put in relation to the total workload and presented in figures 9-

18. For example, the working hours of the ambulances for the whole year adds up to 311 686 

200 seconds and the total busy period is 135 115 082 seconds. This gives a total workload of 



43%. If hour 0 has a total busy period of 4 347 771 seconds and a total of available work time 

at 10512000 seconds, it means the workload for hour 0 is about 41%. The working hours for 

the ambulances were retrieved by taking their schedules and calculating their working time in 

seconds. These calculations were made with the assumption that there are 254 work days, 111 

weekend days and a total of 365 days a year. The data was then sorted and the busy periods 

for each station were extracted to be able to show the workload for each station. 

5.4 Coverage calculations 

An area is considered covered if the station covering that area has at least one available 

ambulance or if the supporting station has at least one ambulance available. The supporting 

station is Ängelholm for all stations except for Höganäs where Helsingborg is the supporting 

station. To simulate this with the limited data, a simple program was created that counted the 

ambulances different states. These states are either available or busy. Important to note is that 

the schedule for the weekdays and the weekend days looks different, so there were two 

separate calculations. One for the weekdays and one for the weekends. These two calculations 

were then merged together and the data was analysed. As an example: the program started the 

1st of January at 00.00 and used the stations schedules to calculate how many ambulances 

were working that day. The program counted all calls that was starting, on-going or ending 

between 00.00 and 00.59 the 1st of January. It then checked which station the ambulance busy 

by the call adhered to. If the call was starting or on-going, the program decreased the number 

of available ambulances for the station by one, if the call ended it increased it by one. For 

example, the 1st of January there are 6 scheduled ambulances in Helsingborg since it is a 

weekday. If a call were to come in at 00.12 that day the number of available ambulances in 

Helsingborg would be 5 for the duration of that call, since one would be busy. By calculating 

this, there was one row for each hour for the whole year and one column for each station 

calculating how many ambulances were busy and available and the most important rows were 

those that had 0 ambulances available at the time. If at least one ambulance is available at a 

station that area is considered covered. If all ambulances at a station is busy, that area is 

considered not covered. But the nearby stations might be able to cover a neighbouring area. 

Therefore, covering stations were defined for each area. The neighbouring stations were 

chosen by finding the closest stations with the most ambulances. The most critical moments 

for the coverage was defined as all the hours when a station has no ambulances at the same 

time as their neighbouring station are empty. By sorting with the criteria that a chosen station 



together with its neighbouring station both had to have 0 ambulances available, the hour with 

no coverage could be shown.  

5.5 Ambulance schedule overview 

To understand how and when the ambulances work, a schedule overview has been created. It 

is based on information gathered from the observations at SOS Alarm. The schedule in Table 

2 shows all the different schedules for the ambulances. This schedule was used to calculate 

the working hours for the workload and the working days for the coverage. 

 

  



Table 2. Schedule for all ambulances in District 3. 

Schedules Monday Tuesday Wednesday Thursday Friday Saturday Sunday 

Helsingborg 24/7 -1 24/7 24/7 24/7 24/7 24/7 24/7 24/7 

Helsingborg 24/7 -2 24/7 24/7 24/7 24/7 24/7 24/7 24/7 

Helsingborg 24/7 -3 24/7 24/7 24/7 24/7 24/7 24/7 24/7 

Helsingborg Weekday -1 

0700-

1630 

0700-

1630 0700-1630 

0700-

1630 

0700-

1630     

Helsingborg Weekday -2 

0730-

1700 

0730-

1700 0730-1700 

0730-

1700 

0730-

1700     

Helsingborg Weekday -3 

0900-

1830 

0900-

1830 0900-1830 

0900-

1830 

0900-

1830 

0900-

1830 

0900-

1830 

Helsingborg Weekend -1           

0700-

1630 

0700-

1630 

Höganäs 24/7 -1 24/7 24/7 24/7 24/7 24/7 24/7 24/7 

Ängelholm 24/7 -1 24/7 24/7 24/7 24/7 24/7 24/7 24/7 

Ängelholm 24/7 -2 24/7 24/7 24/7 24/7 24/7 24/7 24/7 

Ängelholm Weekday -1 

0700-

1700 

0700-

1700 0700-1700 

0700-

1700 

0700-

1700     

Östra Ljungby 24/7 -1 24/7 24/7 24/7 24/7 24/7 24/7 24/7 

Östra Ljungby Weekday 

-1 

0900-

1900 

0900-

1900 0900-1900 

0900-

1900 

0900-

1900     

Förslöv 24/7 -1 24/7 24/7 24/7 24/7 24/7 24/7 24/7 

Örkelljunga Weekend -1           

0800-

1900 

0800-

1900 

 

5.6 Calls 

In 2015, the prehospital emergency care unit in District 3, received a total of 32 224 calls for 

which ambulances were sent. Figure 5 display during which hours the calls were received. 

There are obvious peak hours from 8 in the morning to 5 in the afternoon, when the number of 

calls start to decrease.  

 



 

Figure 5. Number of calls per hour. 

 

When the calls are distributed per day there are small peaks during Mondays, Thursdays and 

Fridays, see Figure 6. The least amount of calls is received during Tuesdays.  

 

Figure 6. Number of calls per day. 

 



There are no major differences in calls per month as shown in Figure 7. The peaks are 

however found in January, March and July while the lowest amount of calls are received in 

February and September. The difference between the peaks and the low points are only about 

300 calls.  

 

Figure 7. Number of calls per month. 

 

Figure 8 shows, as expected, that the station sending ambulances to the most calls is by far 

Helsingborg. The amount of calls per station cohere with the amount of ambulances at each 

station, Helsingborg with the most amount of ambulances receive the most calls while 

Örkelljunga with only one weekend ambulance receive the least amount of calls. As seen in 

Table 1, Helsingborg has 6 ambulances, Ängelholm 3, Östra Ljungby 2 and the rest 1. 

 



 

Figure 8. Number of calls per station. 

 

  



6. Results and analysis 

This chapter presents the results together with the analysis. To strengthen the validity and 

reliability of the data were cross-examined with information gathered from interviews and 

observations. The results were discussed with two experts; the group manager with the 

responsibility for ambulance dispatching at SOS Alarm and the area manager of the 

prehospital emergency care unit. 

6.1 Workload 

The total average workload of all ambulances in District 3 is approximately 43 %. This means 

that the ambulances are vacant 57 % of their work time during a year. The total workload in 

District 3 distributed per hour is shown in Figure 9. The workload starts to rise at 7 in the 

morning, peaks at 20 in the evening and starts to decrease at 23 in the afternoon. This points at 

why the daytime ambulances is scheduled as they are. This workload distribution agrees with 

the call distribution that was shown in Figure 5, therefore that should be the time period when 

the most resources are needed. The two figures have been merged together in Figure 10 to 

ill ustrate their correlation. Note that the workload peak probably is connected with the 

ambulance scheduling since that is when the day time ambulances has stopped working as 

seen in Table 2. 

 

 



Figure 9. Workload for each hour for District 3. 

 

 

Figure 10. Workload and calls per hour for District 3. 

 

The total workload for each of the stations differ quite a bit. Helsingborg has the highest total 

workload at 52%, Höganäs has 27%, Förslöv 30%, Ängelholm 41%, Örkelljunga 25% and 

Östra Ljungby 43%. These total workloads are presented in Figure 11 below.  
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Figure 11. Total workload for each station. 

6.1.1 Förslöv 

For Förslöv the maximum value occurs at 10, as seen in Figure 12. The curve for Förslöv vary 

more than most of the other stations, mostly because there is only one ambulance working for 

the station. The total workload for the ambulance at Förslöv is 30 %, which means that it is 

vacant 70 % of the work time.  

 

 

Figure 12. Workload per hour for Förslöv. 
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6.1.2  Helsingborg 

Helsingborg has a very similar workload curve to the one of the whole district. This is 

probably since Helsingborg receives the majority of the calls. Helsingborg also has the highest 

total workload at 52%. Their part of the total workload per hour can be seen in Figure 13.  

 

 

Figure 13. Workload per hour for Helsingborg. 

6.1.3  Höganäs 

The workload for Höganäs is very similar to Förslöv as seen in Figure 14. The workload for 

the only ambulance working at the station is 27 % and the peak is at 10.  
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Figure 14. Workload per hour for Höganäs. 

6.1.4  Ängelholm 

Ängelholm receives the second most calls and their total workload curve is also very similar 

to that of the whole district. The total workload for Ängelholm is 41% and their uttermost 

peak is of the total workload at 12 in the middle of the day. The workload for each hour is 

shown in Figure 15 below. 

 

Figure 15. Workload per hour for Ängelholm. 
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6.1.5  Örkelljunga 

Figure 16 below shows the part of total workload per hour for Örkelljunga station. It has the 

lowest total workload of 25% and has the most abnormal curve of all the stations. As the 

figure shows it has zero workload during nightly hours and its peak is fluctuating. This is 

explained by Örkelljunga’s schedule since it is one weekend ambulance working daytime. But 

to understand why they only schedule for weekends the calls per day for the municipality 

were extracted especially for Örkelljunga. This data is shown in Figure 17. 

 

 

Figure 16. Workload per hour for Örkelljunga. 
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Figure 17. Number of calls per day in Örkelljunga. 

 

Figure 17 shows that the majority of the calls in Örkelljunga occurs during the weekend. This 

supports the scheduling for the Örkelljunga ambulance. Since the ambulance in Örkelljunga is 

working only on weekends, the calls on weekdays are served by other ambulances from the 

entire region and not only District 3.  

 

6.1.6  Östra Ljungby 

The station in Östra Ljungby has its peak at 22 in the afternoon, however the workload 

remains at a similar level from 10 in the morning until the peak at 20 in the evening. The 

workload per hour is displayed in Figure 18. 
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Figure 18. Workload per hour for Östra Ljungby. 

 

6.2 Coverage 

The first step for the coverage calculations was to define which stations are covered by which 

stations. After analysing the map and consulting the experts, Helsingborg and Ängelholm 

were chosen as the two covering neighbour stations. Helsingborg covers for Höganäs and 

Ängelholm and Ängelholm covers for Förslöv, Helsingborg, Örkelljunga and Östra Ljungby.  

The amount of hours with no coverage for each station is shown in Figure 19. 
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Figure 19. Amount of hours without any coverage. 

 

Putting hours with no coverage against the time of the whole year shows the percentage of 

time with no coverage. This is illustrated in Figure 20. Örkelljunga has the highest percentage, 

but this is mostly because of the fact that Örkelljunga only has one ambulance that is working 

on the weekends. Therefore, Örkelljunga is completely dependent on its neighbouring station 

most of the time.  

 

 

Figure 20. Percentage of time with no coverage for each station. 
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The results for coverage is the amount of hours per year all ambulances at a station and its 

covering station are busy. Figure 19 shows the amount of hours with no coverage for each 

station in District 3. Helsingborg, Höganäs and Ängelholm are the stations with the least 

amount of hours without coverage while the coverage at Östra Ljungby, Förslöv and 

Örkelljunga is the worst. The reason for Örkelljunga´s many hours without any coverage is 

mainly because the ambulance at the station only is working on weekends. 

 

6.3 Preparedness 

To give a better view of the preparedness for each station in District 3, the workload and 

hours with no coverage has been put together in Table 3. As shown before, Helsingborg has 

the highest workload and Örkelljunga has the highest amount of hours with no coverage. 

Ängelholm has the next highest workload and the station with the second most hours with no 

coverage is Förslöv. Considering the schedule at Örkelljunga it is no surprise that its hours 

without coverage is very dependent on its covering station. Putting this together with the fact 

that the majority of the calls at Örkelljunga municipality comes in at the weekend and that is 

when they have an ambulance of their own this worrying high number might not be a problem 

for the district.  

 

To analyse the percentage of total working time without coverage it was compared to the 

probability for no coverage for each station. This was done to make sure this data was valid. 

The probability was calculated by taking the probability for each station having zero 

ambulances and multiplying it with the probability of the supporting station having zero 

ambulances available. This probability was found by taking the hours for each station having 

zero ambulances and dividing it by their total working time. As seen in Table 3 the probability 

of no coverage shows that the stations are dependent on each other. The probability shows a 

similar correlation between the stations as the historical percentage of no coverage which 

strengthens the validity of the calculations.  

 



 

Table 3.Preparedness for the stations in District 3. 

Station Workload 
Hours with no 
coverage 

Percentage of time 
without coverage 

Probability for no 
coverage 

Helsingborg 52% 148 1,7% 0,9% 

Höganäs 27% 87 1,0% 0,7% 

Förslöv 30% 1164 13,3% 9,7% 

Ängelholm 41% 148 1,7% 0,9% 

Örkelljunga 25% 1630 18,6% 25,5% 

Östra Ljungby 43% 919 10,5% 6,4% 

 

To be able to analyse the preparedness thoroughly, six scenarios have been put together. In 

these scenarios some parameters for District 3 are changed and put together with the historical 

call data to envision how and where improvements can be made.  

 

6.3.1  Scenario 1 – Adding an ambulance to Förslöv 

The second worst station, Förslöv, has an ambulance working a 24/7 schedule and still has a 

large amount of hours with no coverage. Looking at Förslöv’s workload it is only at 30% 

which is not especially high. This points at the conclusion that Förslöv’s calls occur at the 

same time as their covering station, Ängelholm. To avoid having no coverage, adding another 

ambulance working 24/7 at Förslöv should be considered. Recalculating with the historical 

data and adding a new ambulance at Förslöv gives a workload of 15% and only 60 hours with 

no coverage as shown in Table 4. To recalculate the workload, the working hours for a 24/7 

ambulance was added with the existing busy periods from the historical call data. The 

coverage was recalculated by adding an ambulance to Förslöv’s pool of ambulances. This 

would be an expensive addition for the prehospital emergency care unit and the alternative 

could be to move one of the existing ambulances.  

 

Table 4. Scenario 1. 

Station Scenario Workload Hours without 

coverage 

Förslöv Current state 30% 1164 

 Scenario 1 15% 60 

 



 

6.3.2  Scenario 2 – Relocating an ambulance to Förslöv 

Since Ängelholm is covering for most of the stations it is pretty risky to move ambulances 

from Ängelholm since it would affect all of the covered stations. Östra Ljungby and 

Helsingborg are the only two stations that have more than one ambulance and therefore the 

only option is to relocate ambulances without leaving a station completely empty. Looking at 

the workloads of the two stations, it appears that Helsingborg has 52% and Östra Ljungby 

only 43%. Then again, looking at the number of ambulances at Östra Ljungby, there are only 

two. That means, moving one would theoretically double the workload for the remaining 

ambulance. In reality, all calls that would come in during another call will not be served since 

that single ambulance would be busy. If the hours with no coverage are compared between the 

two, it is clear that Östra Ljungby has a larger amount, concluding that Helsingborg station 

would be the best option to take an ambulance from. After re-calculating the hours with no 

coverage with an ambulance moved from Helsingborg it results in the following changes; 

Förslöv has 60 hours with no coverage, Ängelholm/Helsingborg has 478 hours and Höganäs 

has 335 hours. The workload for Förslöv comes to 15% and Helsingborg 69% as shown in 

Table 5. This second option is obviously cheaper, since there is no change in cost for the 

ambulance, equipment and new personnel. However, with such a big increase in hours with 

no coverage for three other stations and since two of them hold the majority of the calls it 

might not be the better option.  

 

Table 5. Scenario 2. 

Station Scenario Workload Hours without 

coverage 

Helsingborg Current state 52% 148 

 Scenario 2 69% 478 

Ängelholm Current state 41% 148 

 Scenario 2 41% 478 

Förslöv Current state 30% 1164 

 Scenario 2 15% 60 

Höganäs Current state 27% 87 

 Scenario 2 27% 335 



 

 

6.3.3  Scenario 3 – Adding an ambulance to Östra Ljungby 

The third worst station, Östra Ljungby, has a total of 919 hours with no coverage and a 

workload of 43%. There are two ambulances working in Östra Ljungby, one 24/7 and one 

only on the weekdays. The workload is higher than Förslöv’s but the amount of hours with no 

coverage is lower. Östra Ljungby and Förslöv share the same covering station, Ängelholm. 

The same conclusion that was found for Förslöv is also found in this case. The calls for Östra 

Ljungby occur at the same time as for Ängelholm. Adding another ambulance to this station 

would lower the workload to 24%. The hours with no coverage would be at only 18 hours. 

These calculations were made in the same manner as in previous scenarios. The changes for 

scenario 3 is shown in Table 6. 

 

Table 6. Scenario 3. 

Station Scenario Workload Hours without 

coverage 

Östra Ljungby Current state 43% 919 

 Scenario 3 24% 18 

 

 

6.3.4  Scenario 4 – Relocating an ambulance to Östra Ljungby 

If this additional ambulance were to be taken from Helsingborg, as it is still the best station as 

shown in Scenario 2, the hours with no coverage for Helsingborg/Ängelholm would be 478 

and for Höganäs 335. Since Helsingborg is covering both Ängelholm and Höganäs they are 

affected by a relocation as well. Helsingborg’s workload would increase to 69% and Östra 

Ljungby’s would decrease to 24%. All changes are displayed in Table 7. These calculations 

were made in the same manner as in previous scenarios. Taking ambulances for both Förslöv 

and Östra Ljungby from Helsingborg would of course increase the number of hours with no 

coverage for Helsingborg/Ängelholm and Höganäs as well as the workload for Helsingborg. 

 



Table 7. Scenario 4. 

Station Scenario Workload Hours without 

coverage 

Helsingborg Current state 52% 148 

 Scenario 3 69% 478 

Ängelholm Current state 41% 148 

 Scenario 3 41% 478 

Östra Ljungby Current state 43% 919 

 Scenario 3 24% 18 

Höganäs Current state 27% 87 

 Scenario 3 27% 335 

 

 

6.3.5  Scenario 5 – Adding an ambulance to Ängelholm 

Since both Förslöv and Östra Ljungby has Ängelholm as their supporting station, adding an 

ambulance to Ängelholm would enhance both of them. Currently Ängelholm has 41% 

workload and 148 hours without coverage. If there was an additional ambulance at the station 

the workload would decrease to 28% and the hours without coverage would decrease to 44. 

This would then affect all stations except Höganäs. The changes are shown in Table 8. 

 

Table 8. Scenario 5 

Station Scenario Workload Hours without 

coverage 

Ängelholm Current state 41% 148 

 Scenario 5 28% 44 

Helsingborg Current state 52% 148 

 Scenario 5 52% 44 

Förslöv Current state 30% 1164 

 Scenario 5 30% 324 

Östra Ljungby Current state 43% 919 

 Scenario 5 43% 305 



Örkelljunga Current state 25% 1630 

 Scenario 5 25% 302 

 

6.3.6  Scenario 6 – Relocating an ambulance to Ängelholm 

As in the previous scenarios, the ambulance added could be moved from Helsingborg instead 

of acquiring a new ambulance and a new crew. This would result in the same changes except 

for Helsingborg which then would affect Höganäs as well. These changes are shown in Table 

9.  

 

Table 9. Scenario 6 

Station Scenario Workload Hours without 

coverage 

Ängelholm Current state 41% 148 

 Scenario 6 28% 44 

Helsingborg Current state 52% 148 

 Scenario 6 69% 44 

Höganäs Current state 27% 87 

 Scenario 6 27% 335 

Förslöv Current state 30% 1164 

 Scenario 6 30% 324 

Östra Ljungby Current state 43% 919 

 Scenario 6 43% 305 

Örkelljunga Current state 25% 1630 

 Scenario 6 25% 302 

 

6.3.7  Summary of the scenarios 

The scenarios show that adding ambulances to Förslöv and Östra Ljungby generate good 

results with lowered workload as well as hours without coverage. If those ambulances were to 

be relocated from Helsingborg however, the benefits would still be the same but the 

preparedness in Helsingborg, Ängelholm and Höganäs would drop significantly. Therefore, 

the scenarios where an ambulance is added or relocated to Ängelholm are better options. 



Since Ängelholm is the supporting station for every station except Höganäs, adding an 

ambulance would lower the pressure and generate better preparedness for multiple stations.  

  



7. Discussion 

This study has focused on the quantitative data of the resource management at the prehospital 

emergency care unit in North-Western Skåne. To make sure some qualitative aspects of the 

study are taken into account before any conclusions are drawn some points are discussed in 

this chapter.  

 

First of all, the ambulances that works in District 3 but adheres to another districts will be 

discussed. These ambulances come from the other bordering districts and sometimes takes 

calls within District 3. This is because the dispatchers at SOS Alarm does not take the districts 

into account when serving calls. This of course also means that some of District 3’s 

ambulances can be sent on calls outside of their district as well. What this does is that it 

creates additional coverage with other districts ambulances as well as lowers District 3’s 

coverage when their ambulances are on calls in other districts. This is something that cannot 

be controlled by District 3 itself since it is SOS Alarm that dispatches the ambulances.  

 

Secondly, the occurrence when ambulances do not send their ready signal because of different 

reasons. These reasons can differ a bit, it sometimes is because of flaws in the computer 

systems, but shown from the observations made at SOS Alarm it can also depend on the crew 

on board the ambulance. Sometimes a crew has taken a call and are dropping of the patient at 

the hospital. Since the hospitals are in the bigger cities there is a higher pressure on the 

ambulance crews. There are a higher amount of calls and the ambulance might be stuck with a 

call within the city instead of getting out to their own area which might be out on the 

countryside where the pressure is a lot lower. This means that this depends from person to 

person in the crews working. If they want to have a slow paced workday, they might decide to 

not signal ready until they are well on their way back to their station. This is a problem mainly 

for the dispatchers since their resources are hidden from them. The issue is work ethics and it 

might be solved by making sure the personnel understand their importance for the society and 

that they cannot be selfish while on the job.  

 

Thirdly, the right to be covered by an ambulance. It is clear that the people living in smaller 

municipalities has less resource available within short time. Of course everyone has the same 

right to get an ambulance in a time of need. The difference is the time it takes for an 

ambulance to reach the people living far out on the countryside not at all close to any station. 



This problem is not only present in District 3, but everywhere where there is an emergency 

service. The fairest way to divide resource within an area of people will always be to centre 

the resources where the most people live since that will be where the risk of accidents is the 

highest. As shown in our result the best scenario for the whole district would be to add and 

ambulance in Ängelholm. This follows that same train of thought. Adding an ambulance 

where the most people are but in a way so it can cover the more sparsely populated 

municipalities.  

 

Fourth, the severe simplification made for the preparedness calculations. The preparedness 

and the scenarios are both based on the assumption that the income of calls will look exactly 

like it did in 2015. Even if the amount of calls is about the same the time when calls will come 

in can differ very much and the risk for a big accident or disaster is not taken into account. 

This means that the measurements for preparedness that is the result of this study cannot be 

used as a straight guide for how it will look in the future and more as a guideline of how it 

have looked before and how changes made within the historical data changed the 

preparedness. Of course this is a point that was known by the prehospital emergency care unit 

since the beginning of this project and it will only be a part of the foundation together with 

more research before taken any action towards the recommendations given in this report.  

 

  



8. Conclusions 

To draw conclusions of the study, the study questions are brought up to make sure all are 

answered. 

 

What does the preparedness look like for the stations within District 3? 

Table 3, presented in the results and analysis chapter, has compiled the workload and the 

hours with no coverage for the stations to give a good overview on the preparedness. Overall 

in the district the workload is below or around 50%. The hours with no coverage are 

unfortunately around 1000 hours in half of the stations which is alarmingly high. 1000 hours 

is about 41 days and during that time there is a lot of calls that could come in. This means that 

the preparedness looks okay in Helsingborg, Höganäs and Ängelholm but has to be improved 

at Förslöv and Östra Ljungby. Örkelljunga is a special case because of its very peculiar 

income of calls. Note that the amount of calls for each station should not be taken into 

considerations when improving the coverage or workload as the prehospital emergency care 

unit must be prepared to serve all calls, even if the probability that they should occur is low. 

 

If it occurs, how often are all ambulances busy in a station as well as the supporting 

station busy at the same time? 

In 2015, there were a total of 4 096 hours without any coverage at all on the stations in 

District 3, as seen in Figure 19. The situation is worst in Örkelljunga with 1 630 hours where 

the ambulance in Örkelljunga and the ambulances in Ängelholm are busy. In Örkelljunga the 

only ambulance is working during weekends, this is because the majority of calls are received 

on weekends. This means however, that if the covering station, Ängelholm, has no vacant 

ambulances on a weekday then Örkelljunga will not have any either. This makes Örkelljunga 

very dependent on covering stations.  

 

The two other stations that stand out are Förslöv and Östra Ljungby with 1 164 and 919 hours 

respectively without coverage. All three stations with the worst coverage have in common that 

their covering station is Ängelholm. This might imply that the pressure on Ängelholm as a 

covering station is too high and needs to be relieved by Helsingborg. 

 

Compared to Förslöv, Örkelljunga and Östra Ljungby, the coverage in Helsingborg, Höganäs 



and Ängelholm looks good. This opens up for the possibility to move an ambulance from one 

of the stations to another to gain a better coverage or workload. 

 

If needed, how can resources be added or relocated to maintain a good preparedness? 

As discussed while answering the first study question, the preparedness for Förslöv and Östra 

Ljungby needs to be improved. The option to take existing resources and relocate them has 

been explored and it has shown that moving ambulances would do more harm than good for 

the entirety of the district except for the relocation to Ängelholm. Therefore, to have a good 

preparedness the best option would be to have new resources added. District 3 has two spare 

ambulances that is not scheduled for, so adding them would not lead to a purchase cost. But 

the additional cost for personnel would be a matter to be discussed by the decision makers at 

the district. The points that would have to be weighed against each other are the cost versus 

the benefit. The ideal situation would be to add enough ambulances for all the districts to have 

zero hours with no coverage, but sadly that is not economically possible. Therefore, if the 

stations are considered ‘important’ enough, in aspects like amount people living in the area 

and risk for an accident occurring, this has to be compared to the actual cost for investing in 

additional resource for those stations. With this study as evidence, it is recommended to invest 

in these resources, prioritizing Ängelholm - if the money to do so exists. 
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