

      JavaScript is disabled on your browser.
      Please enable JavaScript to use all the features on this page.
      [image: ]
    

Skip to main contentSkip to article
[image: Elsevier logo]





	Journals & Books

	


	Search



RegisterSign in






	Access through your institution
	Purchase PDF

Search ScienceDirect








Article preview
	Abstract
	Introduction
	Section snippets
	References (24)
	Cited by (46)



[image: Elsevier]
European Journal of Operational Research
Volume 252, Issue 1, 1 July 2016, Pages 257-269

[image: European Journal of Operational Research]



Innovative Applications of O.R.
The effect of ambulance relocations on the performance of ambulance service providersAuthor links open overlay panelT.C. van Barneveld a b, S. Bhulai b a, R.D. van der Mei a b


Show moreShare


Cite




https://doi.org/10.1016/j.ejor.2015.12.022Get rights and content

Highlights

	•We study the effect of the number of relocations on the response-time performance.

	•The performance is measured by a general penalty function.

	•We validate the effectiveness of relocations for a wide variety of realistic scenarios.

	•Results show that already a small number of relocations lead to good performance.




Abstract
Dynamic Ambulance Management (DAM) is generally believed to provide means to enhance the response-time performance of emergency medical service providers. The implementation of DAM algorithms leads to additional movements of ambulance vehicles compared to the reactive paradigm, where ambulances depart from the base station when an incident is reported. In practice, proactive relocations are only acceptable when the number of additional movements is limited. Motivated by this trade-off, we study the effect of the number of relocations on the response-time performance. We formulate the relocations from one configuration to a target configuration by the Linear Bottleneck Assignment Problem, so as to provide the quickest way to transition to the target configuration. Moreover, the performance is measured by a general penalty function, assigning to each possible response time a certain penalty. We extensively validate the effectiveness of relocations for a wide variety of realistic scenarios, including a day and night scenario in a critically and realistically loaded system. The results consistently show that already a small number of relocations lead to near-optimal performance, which is important for the implementation of DAM algorithms in practice.





Introduction
In emergency situations, the location of ambulances has a huge impact on the response time to an incident, i.e., the total time between an incoming emergency call and the moment that an ambulance arrives at the emergency scene. The evaluation of ambulance services providers, judged by the authorities, heavily relies on their performance regarding these response times. For instance, in The Netherlands, the response time of an ambulance may not exceed 15 minutes in 95 percent of the highest priority emergency cases. To realize short response times, it is crucial to plan ambulance services well. This encompasses a variety of planning problems at the strategic, tactical, and operational level. At the strategic level, the locations of the ambulance base stations are determined. Then, at the tactical level, the number of ambulances and thus crews per base station is specified. At the operational level, real-time dispatching of ambulances to incidents and real-time relocation of ambulances is considered.
In this paper, we focus on the last part of the operational level: the relocation of ambulances. Ambulance vehicles are relocated in real-time, using dynamic and proactive relocation strategies, in order to achieve shorter response times to incidents. These relocation decisions are typically made when an event happens, e.g., when an ambulance is dispatched or when an ambulance is newly free after the service of a patient. However, whether relocations are allowed, and if so, to which locations, depend on regulatory rules. For instance, in Vienna, Austria, moving around ambulances unoccupied by a patient is not allowed, cf. Schmid (2012) as opposed to Edmonton, Canada, cf. Alanis, Ingolfsson, and Kolfal (2013). Moreover, the number of locations at which an ambulance is allowed to park up differs per country. This number can exceed the number of ambulances, as in Montreal, Canada, cf. Gendreau, Laporte, and Semet (2006). Many of these waiting sites are just street corners or different hot spots. In contrast, in The Netherlands, ambulances always must return to a base station, cf. Jagtenberg, Bhulai, and van der Mei (2015). This is a building with several facilities where the ambulance crew can spend its shift when idle. Another difference between countries is the average hospital transfer time. In North America this time can be very large, cf. Carter et al. (2015), as opposed to The Netherlands where the transfer time is usually short.
We consider the Dutch setting in this paper: short transfer times and the dispatcher is allowed to relocate ambulances unoccupied from base station to another one, but the number of locations on which an ambulance can idle, i.e., base stations, is rather small.
Ambulance relocations are not popular among ambulance crews, especially when the crew is idle at a base station and it is relocated to a different one. Instead, they prefer to spend their shift at a base station and not on the road. To keep the personnel motivated, the number of relocations they have to perform is not allowed to increase excessively. If the ambulance crews spend too much time on the road, the ambulance service provider probably will be condemned by an Occupational Safety and Health organization. Furthermore, costs for the ambulance service provider are associated with each relocation. Some ambulance service providers namely have the policy, especially at night, that the salary of the ambulance crew partly depends on their busy time in which their relocation time is included. Therefore, decision makers must make a consideration between the number of ambulance relocations and the effect of these relocations on the performance of the ambulance service provider.
As an alternative, one could also consider the relocation times. Especially if the above-mentioned payment structure is used, it can be cheaper to minimize these relocation times. However, in this paper, we treat the crew’s perspective as our major critical success factor, instead of the financial aspect related to relocations. The number of relocations is a good measure for the crew’s perspective, since crews in general prefer to perform one long relocation rather than several short ones. Of course, there is also a trade-off between number of relocations and relocation times. We will pay attention to this trade-off as well.
The relationship between performance and the number of ambulance relocations is complex. The consequences of moving an ambulance to a different base station are not known a priori, due to uncertainty that plays an important role in the process. It is usually not the case that ‘more’ is ‘better’, i.e., the more relocations are made, the better the performance of the ambulance service provider. But even if this was the case, there is still a trade-off: would one carry out extra ambulance relocations for only a small gain in performance? Opinions of different ambulance providers differ on this question and it is hard to set a standard concerning the execution of relocations. Therefore, useful insights about the relationship between performance and the number of ambulance relocations are desirable.
As stated before, the planning of ambulance services falls apart in three levels. Comprehensive studies of ambulance location and relocation models are done by Brotcorne, Laporte, and Semet (2003) and Li, Zhao, Zhu, and Wyatt (2011). In these papers several deterministic, probabilistic, and dynamic models and their solution procedures are reviewed. Another study on ambulance facility location problems is performed by Owen and Daskin (1998). The operational level falls apart in dispatching and relocation of ambulances. A dispatching algorithm based on the preparedness concept explained by Andersson and Värbrand (2007), is proposed by Lee (2011). Another dispatch method, based on the maximal covering location problem developed by Church and ReVelle (1974), is presented by Lim, Mamat, and Bräunl (2011) and it is shown by simulation that response times to urgent calls can be reduced.
A common way to solve the dynamic ambulance relocation problem is the offline approach: redeployment decisions are precomputed for different states of the system. For instance, compliance tables are computed, which prescribe desired locations for idle ambulances by Gendreau et al. (2006). With this purpose, the Maximal Expected Coverage Relocation Problem (MECRP) is proposed and solved, by formulating this problem as an integer linear program. It is stated by Maleki, Majlesinasab, and Sepehri (2014), that computing compliance tables is just the first part of the computation of relocation decisions. The second part involves the actual assignment of ambulances to base stations. Therefore, the Generalized Ambulance Assignment Problem (GAAP) and Generalized Ambulance Bottleneck Assignment Problem (GABAP) are proposed. Compliance tables are the subject of Alanis et al. (2013) as well: a two-dimensional Markov chain is proposed and analyzed to obtain optimal compliance tables. A two-stage stochastic optimization model for the ambulance redeployment problem that minimizes the number of relocations while maintaining an acceptable service level is presented by Naoum-Sawaya and Elhedhli (2013).
In addition to the offline approach, a large part of the ambulance literature focuses on the online computation of relocation decisions. Whenever an event occurs, e.g., an ambulance becomes available again, the dispatcher has the opportunity to control the system. Based on the information of the state of the system, one computes a relocation decision. Such a relocation decision needs to be obtained in a very short time, and thus is the main focus of this literature on heuristics. For instance, a heuristic called the Dynamic Maximum Expected Coverage Location Problem (DMEXCLP) is proposed by Jagtenberg et al. (2015). This problem, based on the MEXCLP presented by Daskin (1983), computes a new location for an ambulance that just finished service of a patient. Moreover, a parallel tabu search heuristic is used for the real-time redeployment of ambulances by Gendreau, Laporte, and Semet (2001). Andersson and Värbrand (2007) use the notion of preparedness. This preparedness is a measure for the ability to serve potential patients now and in the future. Moreover, a dynamic relocation model named DYNAROC and a heuristic to solve this model is presented. In addition, some papers use approximate dynamic programming for determining relocation strategies, for instance, Maxwell, Restrepo, Henderson, and Topaloglu (2010); Maxwell, Henderson, and Topaloglu (2013) and Schmid (2012). Relocation decisions are made at the time of call arrivals and when an ambulance becomes available again by Maxwell (2011). In this work, it is shown that making relocation decisions at such times is equivalent to the usage of a nested compliance table policy. At last, a comprehensive study on both online and offline redeployment is executed by Zhang (2012).
In this paper, we study the relationship between number of ambulance relocations and the performance of the ambulance service provider. Theretofore, we present an ambulance redeployment model, in which we are able to incorporate different performance criteria. We use a heuristic method that computes an action concerning the relocation of ambulances in such a way that the expected performance is maximized. This computation is done at decision moments: the time of occurrence of a new incident or the time of the idle report of an ambulance. We use a heuristic policy instead of the optimal one because computation of the optimal policy is very complex, if not impossible. Besides, even if it was possible to compute, the optimal policy is probably a complex one: it is not easy to understand and to execute by the dispatcher. Instead, we use a heuristic method that is not too far-fetched, while it is highly likely that this heuristic policy contains the same characteristics as the optimal one.
This paper differs from the mainstream literature in two respects

	1.Most of the papers in the literature, e.g., Jagtenberg et al. (2015), assume that the computed action is always carried out. However, it may be the case that the expected gain in performance by taking this action is very small and that this benefit does not outweigh the disadvantages regarding the number of additional ambulance relocations to achieve this gain. Therefore, we use the heuristic method to determine whether the redeployment action is really necessary, and we show results on several quantifications of ‘really necessary’.

	2.Another important difference between the mainstream literature and this paper is the way in which a redeployment action is carried out. We compute, using the heuristic method, a location that serves as origin, from which an ambulance needs to depart, and a base station serving as destination. However, it is not necessarily one particular ambulance that has to move from origin to destination, as assumed in most papers. Instead, we can use other idle ambulances, either driving or at a base station, in this relocation process in order to decrease the time required to attain the new ambulance configuration. However, this comes at the expense of extra relocations. We put restrictions on the number of other ambulances that may be relocated, and we show consequences on the resulting performance to obtain useful insights in the relationship between number of relocations and performance.





Section snippets
Model description
To investigate the above-mentioned relationship, we introduce the ambulance redeployment model described in this section. We consider the Dutch setting as explained in Section 1 and we model the region of interest as a directed graph. Geographical regions, e.g., neighborhoods, postal codes or streets, are represented by nodes. Moreover, arcs in this graph are weighted and the length of an arc represents the driving time (in seconds) between the nodes. These driving times are derived from a
Heuristic method
For the evaluation of the usefulness of ambulance motions and relocations, we present a heuristic that can easily handle several types of restrictions on the decisions of the dispatcher. First, we describe the heuristic method. Then, we will provide a more detailed explanation regarding the incorporation of these constraints.
The key idea of this method is as follows: at a decision moment, the dispatcher observes the current state of the system. Given this information, the dispatcher executes
Experimental setup
In this section, we show results for Flevoland, displayed in Fig. 3. Flevoland is a region in the Netherlands and covers approximately 2,500 km2. The number of inhabitants is nearly 400,000 of which 49 percent lives in the largest city: Almere. The remaining percentage of the population is mainly concentrated in one of the other five major towns, while only approximately 15,000 people live outside these six towns. All of these cities have exactly one base location at the dots in Fig. 3.
Summary and conclusion
In this paper, we analyzed the effect of ambulance relocations on the performance of the ambulance service provider. Theretofore, we described an ambulance redeployment model, in which a performance measure related to the response time can be chosen by the ambulance service provider by defining a corresponding penalty function. Moreover, we presented a heuristic for computing ambulance motions and relocations at decision moments. In this heuristic, we restricted the number of ambulance
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	Simulation–optimization configurations for real-time decision-making in fugitive interception
2024, Simulation Modelling Practice and Theory

Show abstract
Simulation–optimization models are well-suited for real-time decision-support to the control room for search and interception of fugitives by Police on a road network, due to their ability to encode complex behavior while still optimizing the interception.
The typical simulation–optimization configuration is simulation model optimization, where the simulation model describes the system to be optimized, and the optimizer attempts to find the combination of decision variables that maximizes the interception probability. However, the repeated evaluation of the simulation model leads to high computation time, thus rendering it inadequate for time-constrained decision contexts. To support police interception operations in real-time, timely calculation of the solution is essential. Sequential simulation–optimization, where the simulation model, with its rich behavior, constructs (part of) the constraints of an optimization problem, could decrease the computation time.
We compare the computation time for two configurations of simulation–optimization (typical simulation model optimization and sequential simulation–optimization) for various problem instances of the fugitive interception problem. We show that sequential simulation–optimization reduces the computation time of large instances of the fugitive interception case study ten-fold. This result illustrates the potential of sequential simulation–optimization to mitigate the expensive optimization of simulation models.




	Real-time optimization for relocation and dispatching of Emergency Medical Services with balanced workload and outsourced ride-hailing services
2024, Computers and Industrial Engineering

Show abstract
Real-time optimization of Emergency medical services (EMS) leads to excessive and unbalanced workload unless balance is directly modeled. Online redeployment policies aim to reduce response times, compensating for the coverage gap left by busy ambulances, however, it is important to account for the additional effort required to relocate to a new position. Additionally, irregular demand patterns result in unequal distributions of workload among the personnel. In this regard, we propose a new survival-based real-time optimization framework that maximizes the survival probability of patients suffering from life-threatening emergencies while maintaining a balanced workload among the crew. Our approach implements an optimization model inside a discrete event simulation model that feeds the former with real-time vehicle utilization metrics to maintain an optimal overall relocation policy. Moreover, we evaluate the impact on the system’s congestion of a mixed dispatched policy that includes external ride-hailing services for minor emergencies. Our case study in New York City indicates that the proposed model increases the average percentage of life-threatening emergencies responded in less than four minutes in more than 10% through the use of survival functions compared to a coverage model from the literature. Furthermore, even though the fleet’s aggregated driving distances increased compared to the coverage approach, our online model effectively balanced the additional workload among the crew. Additionally, ride-hailing services’ introduction presents an important opportunity for reducing personnel workload by 13.5%, on average, and operational costs in $141,220 per day of operation for the entire system. Finally, when ambulance availability is severely reduced, outsourced services significantly help maintaining the response level for low severity emergencies.




	Operational planning of vehicles for rescue and relief operations considering the unavailability of the relocated vehicles
2023, Socio-Economic Planning Sciences

Show abstract
Rapid urbanization has led to increasing fire incidents and false alarms, increasing the response time of fire departments. When a call arrives, the current technology deploys and relocates the vehicles based on their immediate impact on the system's preparedness. However, the unavailability of the relocated vehicles is often ignored during the relocation, thus the system's preparedness is overestimated. This paper presents a novel mixed-integer programming (MIP) model developed for the relocation and deployment of emergency/fire vehicles. The proposed model incorporates the unavailability element, and estimates system preparedness for future incidents more accurately than current models. To confirm the efficiency of the proposed approach, the required simulations were conducted in Mashhad, Iran. The results demonstrated the ability of the proposed model to improve the performance of the fire department in several performance metrics. We also provide sensitivity analysis over the critical parameters to demonstrate the robustness of the model.




	Relocating emergency service vehicles with multiple coverage and critical levels partition
2023, Computers and Industrial Engineering

Show abstract
A relocation strategy repositions idle emergency service (ES) vehicles to prevent some demand points from being uncovered. In this study, we consider an ES system, such as natural gas emergency services system, which involves satisfying multiple-coverage requirements of demand points. This system uses a compliance table strategy that denotes the base stations of available ES vehicles depending on the system state. As different from the relocation literature, we allow multiple vehicle assignments to stations. Additionally, we categorize the system states as critical and non-critical. We proposed a mathematical model, which maximizes the expected safely covered population to construct the compliance table. According to our results, the developed model opens fewer stations and provides better safe coverage. In order to help the dispatcher, who is mostly under pressure while making relocation decisions, we also introduced vehicle moves required for relocation into the compliance table. So the dispatcher can see the relocation plan and desired stations in the compliance table in advance. For this purpose, we present a network flow model and a heuristic approach to find the relocation plan for all emergency site cases. We performed a detailed simulation study, which also provided information about the performances of each vehicle. Accordingly, the proposed relocation strategy is significantly better regarding response time related measures.




	Heuristic algorithms based on the isochron analysis for dynamic relocation of medical emergency vehicles
2023, Expert Systems with Applications

Show abstract
Among the wide range of medical services, prehospital health care is one of the most relevant, as it usually involves an emergency situation. The qualified medical team is dispatched to the scene of the incident as soon as possible. One of the most influential factors in response time depends on where the ambulances are stationed, however, when a medical vehicle is attending an emergency, it becomes unavailable for other calls. Increasing the ambulance fleet is a costly option that does not guarantee efficiency. An alternative solution is the relocation of available ambulances to increase the population covered by them. Obtaining the optimal solution in real time is not feasible for this problem. Therefore, this work addresses the problem of dynamic relocation of ambulances through the design and development of heuristic tools. The isochron overlap analysis defines possible scenarios that may occur when ambulances become unavailable for emergencies and determines the appropriate conditions to carry out the relocation of ambulances. Computational experiments are run using a benchmark of instances based on the characteristics of a real Emergency Medical Service. Based on the results of the study, we can conclude that the designed relocation algorithms perform better than if there was no relocation strategy.




	Statistical modeling of emergency medical services’ response and rescue times to road traffic crashes in the Kingdom of Saudi Arabia
2022, Case Studies on Transport Policy

Show abstract
Emergency medical services (EMS) is a critical component high-quality health-care. Road traffic crashes are one of the major causes of death and injury around the world. In the Kingdom of Saudi Arabia (KSA), the road traffic crash death rate has reached 29 per 100,000 people, or 11.25% of total deaths in 2018. The Saudi Red Crescent Authority (SRCA) is responsible for providing EMS in KSA. However, its average response time to road traffic crashes (14 min) is slower than the international standard (8 min). In this study, we analyzed a total of 57,928 road traffic crash reports recorded in 2019 by the SRCA for all cities in the KSA. The effective planning of SRCA, which is highly dependent on historical data analysis, is critical for decreasing emergency response times and, thereby, rescue times. Thus, we aimed to analyze response and rescue time trends related to road traffic crashes to identify significant factors that would assist decision-makers in enhancing the responsiveness of EMS through rescheduling, relocating stations, managing resources (e.g., ambulances and staff), or strategies based on the factors identified as significant. Statistical tools were used to identify the significant factors that affect the SRCA’s performance in responding to road traffic crashes. The analysis results showed that the response and rescue times for road traffic crashes of the SRCA varied within as a result of different factors like geographical region, academic calendar, crash time, weather conditions, the severity of injuries sustained, and the number of injured people. The central regions have the longest average response and rescue times while the northern regions have the shortest ones. Response and rescue times were higher during daytime hours and holidays than during night hours and non-holiday periods. The results also indicated that EMS response and rescue times were significantly associated with mortality rate for road traffic crashes. As a result, by decreasing response and rescue times, the mortality rate for traffic accidents in the KSA could be decreased. Identifying and understanding significant factors that impact EMS response and rescue times can help decision-makers improve the performance of EMS, reduce response and rescue times, save people’s lives, and reduce governmental healthcare costs.
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