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Abstract—In ambulance location models, fleet size and ambulance loca-
tion sites are two critical factors that emergency medical service (EMS)
managers can control to ensure efficient delivery of the system. The
ambulance relocation and dispatch policies that are studied in dynamic
ambulance relocation models also significantly contribute to improving
the response time of EMS. In this paper, we review dynamic ambulance
relocation models from the perspective of dispatch policies. The connection
between the reviewed ambulance dispatch policies and real-life policies is
highlighted. Our ambulance model is based on the modified maximal cov-
ering location problem (MCLP). It is used to examine the commonly used
dispatch policy and the proposed method of free-ambulance exploitation to
further improve urgent call response time. Simulation results show that the
proposed method can reduce the response time of urgent calls, especially
during low-ambulance-supply period. We also compared the performance
of EMS with and without reroute-enabled dispatch.

Index Terms—Ambulance dispatch policy, ambulance location model,
emergency medical services (EMSs), maximal covering location problem
(MCLP).

I. INTRODUCTION

Delivery efficiency of emergency medical services (EMS) is critical
in reducing mortality and disability rates. A number of studies have
found the important relationship between response time and mortality
rate [1]–[4]. In real-life applications, coverage and response time are
commonly used by EMS providers to evaluate delivery efficiency. A
call is considered covered if it is served within a defined time threshold.
Generally, an EMS response time can be defined as the interval from
the time the call was received by the EMS provider to the arrival of the
ambulance to the emergency scene [5]–[9].

In Montreal, QC, Canada, the implemented standard for ambulances
run by “Urgences Santé” states that 90% of requests should be served
within 7 min [10]. Meanwhile, the standard stated in The United States
Emergency Medical Services Act is, in urban areas, 95% of requests
should be served within 10 min, whereas, in rural areas, they should be
served within 30 min [11]. Some countries use different response times
for certain categories of calls. In the U.K., 75% of category-A calls
should be served within 8 min, and 95% of category-B and -C calls
should have a response time within 14 min (urban areas) and 19 min
(rural areas), respectively [12].

Brotcorne et al. [13] classified the ambulance location models that
evolved over the past 30 years into two main categories. Deterministic
models were widely studied before probabilistic models emerged.
Deterministic models ignore stochastic considerations but are still
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important in the planning stage to optimize a limited number of
ambulances to provide the best services to a constituent population.
For example, the maximal covering location problem (MCLP) [14]
was applied by Eaton et al. [15] to plan the reorganization of the
EMS in Austin, TX. As a result, $3.4 million in construction costs and
$1.2 million annually in operating costs were saved in 1984. Further-
more, the average response time was reduced, even with an increase in
calls for the services.

The location set covering model (LSCM) [16] was one of the earliest
models introduced for seeking a minimum number of ambulances
to cover all demands. The strategic location sites that provide full
coverage with minimum ambulances can be identified from a given
set of potential ambulance location sites. In this model, the number of
ambulances is unlimited, and a demand node is assumed to be covered
if it can be reached within a time threshold. LSCM can be used to
determine the right number of ambulances and strategic location sites
to cover all demands.

The later models such as MCLP [14], modified MCLP [17], the
double standard model (DSM) [18], the tandem equipment allo-
cation model (TEAM) [19], and the facility-location, equipment-
emplacement technique (FLEET) [19] are coverage maximization
models that optimize the demand coverage with a limited number
of ambulances. In MCLP, coverage may become an issue when
ambulances become busy. Hence, the modified MCLP [17] takes
multiple coverage optimization into account without increasing the
total number of ambulances. This improves the backup coverage when
ambulances become busy. DSM further extends the multiple coverage
optimization to include double covering constraints. The dynamic
DSM (DDSMt) [10] is a dynamic model of DSM that dispatches and
relocates ambulances with practical considerations at each instant at
which a call is registered. Recognizing the fact that, on occasions when
heterogeneous vehicles may be dispatched to an emergency scene,
TEAM and FLEET maximize the coverage of two vehicle types.

On the other hand, probabilistic models such as the maximum ex-
pected covering location problem formulation [20] and the maximum
availability location problem [21] take into account the probability that
an ambulance becomes busy. In general, both deterministic and proba-
bilistic models are useful planning tools for determining fleet size and
strategic location sites based on the objective function of the respective
models. However, both models lack the capability to handle the
fluctuating demand over time. This is overcome by dynamic models
that periodically update ambulance positions throughout the day [13].

In the next section, the details of the dispatch policies used in
dynamic models and real-life applications are reviewed. We present
our ambulance location model in Section III. Simulation setup and re-
sults for commonly used dispatch policies are reported in Sections IV
and V. Finally, the discussion and conclusion of this work are pre-
sented in Sections VI and VII.

II. AMBULANCE DISPATCH POLICY REVIEWS

A. Related Simulation Work

There has been limited research work carried out for dynamic mod-
els in the past three decades at the time of reviewing by Brotcorne et al.
[13]. In this section, five dispatch policies used in the dynamic models
[9], [10], [22], [23] are identified and presented. Ambulance dispatch
is the process of assigning an ambulance to answer an emergency call.

There are two dispatch policies evaluated by Repede and Bernardo
[9]. The first dispatch policy always assigns the closest available
ambulance to a call scene. Hence, there is the possibility that the
closest ambulance is unable to respond within the time threshold. If
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this happens and, coincidently, the next immediate call scene is from
the currently dispatched ambulance’s district and there is no other
ambulance that can respond within the time threshold, then the closest
ambulance from another district is dispatched. As a result, both call
scenes are unable to be served within the time threshold.

In view of this, Repede and Bernardo [9] proposed an alternative
dispatch policy. If no ambulance can respond within the time threshold,
then dispatch the ambulance with the least likelihood of receiving
a call in its primary district. On the other hand, if one or more
ambulances can respond within the time threshold, then any of these
can be dispatched. The simulated result showed a small coverage
improvement at the expense of a slight increase in mean response time
for the alternative dispatch policy. For example, at a fleet size of four
ambulances, the mean coverage was slightly improved from 0.6247
to 0.6309 by using the alternative dispatch policy. However, the mean
response time slightly increased from 12.22 to 12.23 min.

In another work by Gendreau et al. [10], calls are served in decreas-
ing order of priority. The closest available ambulance is dispatched to
serve a call. For urgent calls, the ambulances en route to new location
sites are also included in the dispatch consideration. Moreover, an
ambulance already assigned to a less urgent call can be reassigned to
an urgent call if the ambulance is the closest to the urgent-call scene,
and there is an alternative ambulance capable of covering the less
urgent call within the remaining time. In cases without an ambulance
that is capable of covering the urgent call, the closest ambulance
already assigned to a less urgent call can be reassigned.

In the research of [22], the calls are categorized as PRIO 1, 2, and
3 based on the degree of urgency. PRIO-1 calls are the most urgent
and life-threatening calls. The closest available ambulance is always
dispatched to answer a PRIO-1 call. The ambulance assignment for
PRIO-2 and -3 calls is based on the preparedness impact due to the
assignment of ambulances that can respond within the time threshold.
Preparedness is the ability to, within a reasonable time, offer EMS to
the inhabitants in a specific geographical area [24]. The ambulance
with the lowest impact to the preparedness of all zones is dispatched.
On the contrary, if there is no ambulance that can answer PRIO-2
and -3 calls within the time threshold, then the closest ambulance
is dispatched. During this ambulance assignment process, any ambu-
lances on their way to less urgent calls are also considered for more
urgent call assignments. For example, an ambulance on its way to a
PRIO-3-call scene can be reassigned to a new PRIO-2 or -1 call. It is
interesting to note that the authors have introduced pseudopriorities
in the EMS system. The pseudopriority for a less urgent call, e.g.,
PRIO 3, that has been placed in the waiting queue for a certain time
can be changed to PRIO 2 to shorten the waiting period.

Maxwell et al. [23] used the simplest dispatch policy. Calls are
served in decreasing order of priority. For calls with the same priority
levels, first-in–first-out order is applied. The closest available ambu-
lance is dispatched to serve a call. If there is no available ambulance,
the call is placed into a waiting queue. No reassignment is allowed for
an ambulance already assigned from a less urgent call to an urgent call,
even if the ambulance is the closest to the urgent-call scene.

B. Dispatch Policies in Real-Life Applications

Some EMS systems use police or firefighters as first responders,
whereas others solely rely on ambulances. In general, ambulances can
be divided into basic life support (BLS) and advanced life support
(ALS) ambulances. Some EMS systems have both types (two tier),
whereas others have only a single type (one tier) [25]. The earliest and
simplest method is to dispatch the ambulance based on the order of
received calls, regardless of the calls’ urgency [12]. (We name it first-
in–first-out dispatch.) With the introduction of the priority dispatch,
the received calls are first prioritized before dispatching BLS or ALS

ambulances based on the calls’ urgency. Note that we limit the scope
of “priority dispatch” to the process of prioritizing the incoming
emergency calls.

Criteria-based dispatch (CBD) [26] and advanced medical priority
dispatch (AMPD) [27] are considered as priority dispatch [28]. The
CBD system is based on predetermined guidelines to help the dis-
patcher in reaching a priority decision, whereas the AMPD system re-
lies on scripted questions and protocols in the process of prioritizing a
call. Priority dispatch is now used by many EMS providers, especially
in developed countries [12], [29]. It is not suitable for resource-limited
EMS providers as extra resources are required to implement priority
dispatch [29]. In the U.K., first-in–first-out dispatch was replaced
with priority (AMPD) dispatch in April 2001. The percentage of
category-A calls served within 8 min has increased from 70.7%
(2001–2002, with about three months using first-in–first-out dispatch)
to 74.6% (2002–2003, with priority dispatch) [5].

After a call has been prioritized using priority dispatch or processed
using first-in–first-out dispatch, the most suited ambulance has to be
identified and dispatched. The closest dispatch is the most commonly
used method for ambulance assignment [9]. For a one-tier EMS
system, either the closest available BLS or ALS ambulances are dis-
patched. We call it closest (uniform) dispatch. For a two-tier EMS sys-
tem using priority dispatch, BLS ambulances are dispatched for most
of the emergency calls. ALS ambulances are spared and dispatched
only for high-priority calls. We name this closest (tiered) dispatch.

Studies show that an EMS system using a tiered system performs
better than a one-tier all-ALS system [30]. Generally, a two-tier EMS
system has a higher cardiac arrest survival rate than a one-tier EMS
system [25], [31]. In addition, two-tier EMS systems provide more cost
savings due to the increased ALS ambulance utilization. The accuracy
in prioritizing is very important to ensure that ALS ambulances can
be safely excluded from lower priority calls [32]. On the contrary, the
accuracy of prioritizing is not an issue for a one-tier all-ALS system as
ALS ambulances are always dispatched.

As the communication technology advances, mobile data terminal
and standard radio communication are now commonly installed on the
ambulances. It is then possible to reroute an ambulance dispatched
from lower to higher priority call [6]. (We name it reroute-enabled
dispatch.) In addition, communication technology also enables the
latest condition of a victim to be updated from time to time while the
ambulance is on the road. Thus, the priority of the call can be upgraded
or downgraded accordingly. The ambulance en route to the emergency
scene can also be canceled [33]. (We name it priority-update-enabled
dispatch.) Some EMS systems provide pre-arrival instructions prior to
ambulance arrival [6], [28]. The instructions are medically approved
and provided by a call taker in the ambulance dispatch center to the
caller to provide an aid to the victim.

With the advent of a geographic information system (GIS) and
information technology, ambulances in some developed countries are
equipped with global positioning system [34]. Ambulances can be
managed in a more efficient manner to provide faster response time
through a computer-aided dispatch (CAD) system that can trace the
dynamic status and location of ambulances.

C. Dispatch Policy Decomposition

There are many processes involved in a real-life ambulance dispatch
system, starting from receipt of an emergency call until the dispatch of
an ambulance to the emergency scene. Detailed EMS processes are
presented and discussed in [4], [6], [9], [35], and [36]. Based on our
analysis on the mentioned dispatch policies and real-life ambulance
dispatch processes, an ambulance dispatch policy must include the
method of call queuing and the way of assigning an ambulance to
answer an emergency call in the queue. This information can be
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Fig. 1. Latest position of the ambulances relative to the call scenes at
(top) t = 0 and (bottom) t = 1.

regarded as the core of the ambulance dispatch policy, which sum-
marizes the complicated processes involved in a real-life ambulance
dispatch system. Add-on dispatch is a supplementary method used in
ambulance dispatch policy to achieve a specific objective.

Priority and first-in–first-out dispatches are core dispatches used in
sorting the calls in the waiting queue to be served by ambulances.
Meanwhile, the closest dispatch is the core dispatch used in assigning
a proper ambulance to answer the call in the queue. Other nonclosest
dispatches combine coverage with probability [9] or preparedness [22]
to determine the proper ambulance for call assignment. However, there
may be legal complications for not dispatching the closest available
unit [9].

Reroute-enabled dispatch [6] is an add-on dispatch to exploit the
active ambulance fleet to further improve the response time of urgent
calls. The fallout of the dispatch is the increase in waiting time of lower
priority calls. Pseudopriority introduced in [22] can upgrade the call
from lower to higher priority, so that the lower priority call with long
waiting time can be shortened. Priority-update-enabled dispatch and
the use of pre-arrival instructions are categorized as add-on dispatches.

Free-ambulance-exploitation dispatch refers to our proposed add-
on dispatch that enables free-ambulance exploitation to improve the
response time of an urgent call. Among the dispatch policies reviewed
in Section II-A, only [10] and [22] permit reassignment of an am-
bulance from a less urgent call to an urgent call. In other words,
the less urgent call dispatch plan, which consists of ambulance and
call assignment, can be modified, so that the best ambulance can be
assigned to an urgent call. Nevertheless, none of the dynamic models
[9], [10], [22], [23], [37], [38] has looked into the possibility of
reassigning an ambulance that just completed a call to further improve
the urgent call dispatch plan. In this paper, we analyze its impact on
the improvement of the response time of urgent calls.

Assume that there are two ambulances A0 and A1 at location sites
A and B (see Fig. 1). Ambulance A1 is busy serving a call when an
urgent call for scene C is received. Thus, the only free ambulance A0 is
dispatched. After 1 min, ambulance A1 completes its current call and
becomes free. Under the current dispatch policies [9], [10], [22], [23],
ambulance A1 has no contribution to the current urgent call dispatch
plan. Our proposed method of free-ambulance exploitation improves
the dispatch plan by reassigning ambulance A1 to answer the call for
scene C. As a result, the response time of the urgent call is reduced
from 5 to 3 min.

Ambulance reroute is permitted in real-life EMS [6] and being
used in simulation in [10] and [22]. The performances of EMS with
priority (AMPD) dispatch against first-in–first-out dispatch [5], closest
dispatch versus nonclosest dispatch [9], and two-tier against one-
tier EMS systems [25], [30]–[32] have been studied under respective
conditions. Although reroute-enabled dispatch is commonly used,
no specific study on its performance has been reported. Thus, the
performance of EMS with and without reroute-enabled dispatch is also
included in our simulation.

Finally, all the mentioned dispatch methods are properly organized
in Table I. Note that priority (simplified) dispatch is added to dif-
ferentiate between the simplified version of priority dispatch used in
simulations with real-life CBD and AMPD. Comparisons of the urgent
and less urgent dispatch policies mentioned in Section II-A are given
in Tables II and III, respectively.

III. AMBULANCE LOCATION MODEL

Our ambulance model is based on MCLP [14]. The model is defined
as a graph G = (V ∪ W,E), where V and W are two vertex sets
representing demand points and potential ambulance location sites,
respectively. E is an edge set representing the distance between two
vertices. We add the requirement that α proportion of the demand
must lie within time threshold r. The demand at point i ∈ V (which
is denoted by di) is said to be covered by location j ∈ W if and only if
tij < r, where tij is the shortest travel time from location j to point i.
The set of ambulance location sites covering demand point i is denoted
by Wi ⊆ W , and the number of required ambulances to achieve α
proportion of the demand coverage is denoted by p. Meanwhile, Pmax

and pextra denote the number of available and extra ambulances,
respectively. The binary variable xj is equal to 1 if and only if an
ambulance is placed at location j. On the other hand, yi is equal to 1
if and only if point i is covered by at least one ambulance within r.
The extended MCLP model is written as follows: It is important to
note that (3, 5, 6) are introduced and added to the original MCLP

Maximize
∑

i∈V

diyi (1)

Subject to∑

j∈Wi

xj ≥ yi ∀i ∈ V (2)

∑

i∈V

diyi ≥ α
∑

i∈V

di (3)

∑

j∈W

xj = p (4)

Pmax ≥ p (5)

pextra = Pmax − p (6)

xj ∈ {0, 1}, j ∈ W (7)

yi ∈ {0, 1} , i ∈ V. (8)

The objective (1) is to maximize the demand coverage. Constraint
(2) counts the number of ambulances that cover each demand point.
Constraint (3) expresses the coverage requirement that α proportion of
the demand must be covered. Constraint (4) counts the total number of
required ambulances for maximized demand coverage. Constraint (5)
ensures that the total number of required ambulances in constraint (4)
can never exceed the total number of deployed ambulances at dispatch
centers. Constraint (6) counts the extra ambulances that can be used
for multiple coverage but in conjunction with constraints (4) and (5).

The main purpose of this paper is to determine the effectiveness
of the proposed free-ambulance-exploitation dispatch using a real-life
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TABLE I
COMPONENTS OF AMBULANCE DISPATCH POLICY

TABLE II
COMPARISON OF THE URGENT DISPATCH POLICIES

TABLE III
COMPARISON OF THE LESS-URGENT DISPATCH POLICIES

proven dispatch policy and ambulance location model. This paper
provides a better insight into a real-life proven policy and model
that can be easily adopted with performance assurance at minimal
cost. Our ambulance location model is an extension of MCLP [14],
which has been successfully implemented in Austin, TX [15]. The
most commonly used dispatch methods in real-life EMS, priority, and
closest dispatches [9], [12] are adopted for EMS simulation. It has
not been our intention in this paper to compare the impact of other
ambulance dispatch policies or ambulance location models that have
yet been proven successful in real-life EMS systems.

IV. SIMULATION SETUP

The method of using a grid to partition the EMS annual demand into
zones has been implemented in [22] and [38] for coverage study. We
define a reasonable hypothetical region of 4096 km2 (64 km × 64 km)
that is divided into 256 zones. This dimension is assumed to represent
a large-scale problem [38]. Fig. 2 shows the defined spatial distribution
of the EMS demand in the hypothetical region. (i ∈ V and di are
provided). Assume that there are 22 potential ambulance location sites
in the hypothetical region (shown in Fig. 3) where ambulances can be
strategically placed. (j ∈ W is given.) A call is considered covered if

served within 10 min (r = 10 min). We target to have a minimum of
0.8 proportion of the demand coverage (α = 0.8).

Based on our defined ambulance location model, a simple full-
combination search is performed to identify the strategic ambulance
location sites. The identified sites are as shown in Fig. 4. In other
words, we need a minimum of eight ambulances (p = 8) to provide
basic coverage for the hypothetical region with α = 0.8. The total
number of deployed ambulances Pmax ranging from eight to 16 is used
in the simulation. The extra ambulances pextra are positioned at the
strategic ambulance location sites to provide backup coverage.

Calls are categorized into urgent and less urgent calls with a ratio
of 1 : 1. An urgent call has higher priority than a less urgent call.
The real-life data provided by Urgences Santé have a higher ratio of
urgent calls [10]. On the contrary, the data collected in the U.K. show
a higher proportion of less urgent calls [5]. Many factors can cause
the deviation, such as the method and accuracy of prioritizing the calls
[39]–[42]. Thus, we choose the 1 : 1 call ratio as our reference to ensure
that the performance of the evaluated dispatch policies is not biased by
the different proportions of call types.

Based on the spatial distribution, five sets of incoming calls are
randomly generated for simulation. Each set contains 40 predefined
incoming calls for an 8-h simulation time. Different random seeds are



628 IEEE TRANSACTIONS ON INTELLIGENT TRANSPORTATION SYSTEMS, VOL. 12, NO. 2, JUNE 2011

Fig. 2. Annual demand for EMS in the hypothetical region normalized
to 0–99.

Fig. 3. Location of potential ambulance location sites marked with “1.”

used for each set generation. The zone with a higher number of annual
demand has higher probability to be assigned with calls. Thus, each
set contains 40 calls with very different combinations of zones. As
the ratio of urgent to less urgent calls is 1 : 1, thus, by using different
random seeds, 50% of the calls are randomly picked to become urgent
calls, whereas the rest are less urgent. Next, different random seeds are
used to randomize the time of call events over the 8-h period. Thus,
the generated set of calls is unique, with an average call rate of five
calls per hour, reflecting the spatial distribution of the demand with
1 : 1 ratio of urgent to less urgent calls.

Fig. 4. Identified strategic ambulance location sites that provide a minimum
0.8 proportion of the demand coverage.

Fig. 5. Graphical representation for the delivery of EMS during simulation.
Circles represent the ambulances, and the numbers inside tell the total number
of ambulances at a specific location. The color of the circle is used to indicate
the status of an ambulance: Green is free; yellow and red mean less urgent
and urgent call dispatch, respectively; and blue stands for busy at serving or
transporting a victim. Yellow and red are used to indicate the type of call that
originated from a zone, i.e., less urgent or urgent call.

Other relevant information is also defined. Ambulance speed is set
at 60 km/h. Each call requires one ambulance, and a fixed 10 min
is used for both times at the scene and at the hospital. All patients
need to be transported to a hospital. There are two hospitals located in
the hypothetical region. Zero turn-out time is used for free-ambulance
redeployment. The fixed ambulance speed and interval at the scene
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TABLE IV
DISPATCH METHODS USED IN SIMULATION SETTINGS

Fig. 6. Average response time for urgent calls at different supplies of am-
bulances. At eight ambulances, Setting F shows a significant response time
reduction of 17.32% in comparison with Setting B.

and the hospital can be deemed as mean values, which are within the
range of or close to the actual data collected in [7] and [10]. From
this information, the time for a complete ambulance cycle can be
calculated.

Since the objective of our simulation is to examine the relative
performance of various ambulance dispatch policies, Euclidean dis-
tance is used to compute the distances among hospitals, ambulances,
and call scenes. This method is widely used in a vehicle-routing
problem [43]. Simulation using an advanced method for the best path
identification [44], [45] and an actual map with real traffic and streets
can be more complicated and suitable for the implementation stage to
simulate the targeted real-life problem. These will be considered in our
future work.

The proposed method of free-ambulance exploitation, ambulance
location model, dispatch policies, and the described ambulance dy-
namic information are coded in C++. The dynamic of the simulation
can be observed as shown in Fig. 5.

V. SIMULATION RESULTS

There are four settings being tested in the simulation, which are
as defined in Table IV. Both reroute-enabled and free-ambulance
exploitation dispatches are applied to optimize urgent calls. Each
setting is simulated with five sets of randomly generated data. The
numbers of ambulances used in the simulation are eight, 10, 12, 14,
and 16. Thus, there are a total of 100 simulations being performed.

Fig. 6 shows that the settings with free-ambulance-exploitation
dispatch (Settings RF and F) can reduce the average response time
for urgent calls. During the low-ambulance-supply period, the impact
is more significant. At eight ambulances, the average response time of
Setting RF is 6.44% lower than that of Setting R. Setting F shows
a 17.32% reduction in comparison to Setting B. As the number of

Fig. 7. Average response time for less urgent calls at different supplies of
ambulances. Higher average response time is obtained for the setting with better
urgent response time optimization.

ambulances increases, the impact of both reroute-enabled and free-
ambulance exploitation dispatches decreases. This is because, with a
larger fleet size, more free ambulances are available to answer a newly
incoming urgent call. Thus, it reduces the number of urgent calls that
both add-on dispatches can optimize.

For comparison of urgent call optimization among different am-
bulance dispatch policies, the plotted graph of Setting B is used as
our reference since it adopts only the core dispatches. Settings R, RF,
and F show that urgent calls can be optimized through adoption of
proper add-on dispatches. The graphs show that Setting R outperforms
Setting F. This is because reroute-enabled dispatch can better optimize
urgent call response time than free-ambulance-exploitation dispatch.
The use of both add-on dispatches (Setting RF) can outperform other
settings.

Fig. 7 shows that the settings that provide better urgent call response
time in Fig. 6 perform contrary for less urgent calls. Ambulances can
be treated as a limited resource in EMS. The dispatch optimized for
urgent calls can lead to the lack of available units to answer less
urgent calls. Nevertheless, the average response time for all calls is not
much affected (see Fig. 8) by the dispatch that optimizes urgent call
response time. Note that pseudopriority is not used in our simulation
to reduce the response time of less urgent calls with a long waiting
time. This is because pseudopriority can increase the average urgent
call response time and thus can indirectly affect the performance of
the examined dispatch policies. However, it can be included in real-life
applications.

The three graphs shown in Figs. 6–8 demonstrate the similar trend
where the response time can be further reduced by increasing the
number of ambulances. The effect of ambulance increment is lower at
a larger fleet size. At double the basic required number of ambulances
to provide basic coverage, the average response times of urgent and
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Fig. 8. Average response time for all calls at different supplies of ambulances.
There is no obvious improvement achieved by any dispatch policy.

Fig. 9. Urgent call coverage at different supplies of ambulances. Better urgent
coverage achieved by Settings R and RF, which permit the reconsideration of
ambulances assigned to less urgent calls to urgent calls.

Fig. 10. Less urgent call coverage at different supplies of ambulances.

less urgent calls, regardless of the settings, are converging to a value
between 500 and 600 s.

Figs. 9–11 show the performance of the EMS as in the number of
calls being covered. From Fig. 9, the simulations using Settings R and
RF clearly outperform the simulations using Settings B and F. The
contrary performance is obtained for less urgent calls (see Fig. 10).

Fig. 11. Total call coverage at different supplies of ambulances. There is
no significant difference in total call coverage among settings quit different
optimization methods.

There is no significant effect on the total call coverage (see Fig. 11) due
to diverting ambulances for urgent call response time optimization.

VI. DISCUSSION

From Table I, an ambulance dispatch policy can be formed using
various dispatch methods. In our opinion, a complete ambulance
dispatch policy evaluated in EMS simulation should clearly inform
the readers of its core and add-on (if any) dispatches. The readers can
comprehend and trace it back to real-life ambulance dispatch policies
and processes. Furthermore, this is very important for other researchers
as the adoption of different ambulance dispatch policies can yield
different EMS performances [5], [9], [25], [30]–[32].

From our simulation results and the findings by other researchers
[5], [9], [25], [30]–[32], we summarize the advantages and disadvan-
tages of various dispatch methods in Table V for general reference.
There is no single ambulance dispatch policy that fits all. The adoption
of any ambulance dispatch policy has to fulfill the objectives and per-
formance defined by respective EMS providers within the constraint
of available funding and other resources.

The survey shows that EMS has quite differently developed in dif-
ferent countries due to variations in funding [40]. Developed countries
with high income can afford to implement CAD systems for better
ambulance management [34], [35]. On the other hand, developing
countries with poorly developed EMS are facing a critical financial
problem even to implement a comprehensive communication network
between hospitals and ambulances [46], [47]. There is also a lack
of telecommunication infrastructure for the communities to quickly
contact a hospital [48]. In addition, the upgrading process involved
in an ambulance dispatch system can be very complicated and costly
[35], [49]. In many countries, other healthcare issues may take priority
in funding allocation.

On the other hand, the obtained results can be used to estimate the
performance of EMS when there is a change in the factors related to the
EMS process cycle. For example, the road network improvement and
the efficiency enhancement on dispatch processes have a direct impact
on the EMS response time. As a result of reduction in average call
response time, ambulances are getting more idle time. The probability
of ambulances that are free to answer a newly incoming call is
higher. The effect is almost similar to an increasing fleet size, as
demonstrated in our simulation, where ambulances are getting more
idle time.
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TABLE V
ADVANTAGES AND DISADVANTAGES OF VARIOUS DISPATCHES

VII. CONCLUSION

The performance of EMS can help in reducing the mortality rate. It
is less emphasized in developing countries, despite the improvement
being more necessary. Even though a larger fleet size can improve the
EMS performance, the efficiency of resource utilization will decrease
[7]. Our important finding in this paper is that the response time
of urgent calls can be reduced through adoption of an appropriate
dispatch policy without increasing the fleet size.

From the simulation results, reroute-enabled dispatch can signifi-
cantly improve the response time of urgent calls. The proposed method
of free-ambulance exploitation can further enhance the performance
of EMS in urgent calls, especially during the low-ambulance-supply

period. The proposed method is computationally proven to work for
the commonly used ambulance dispatch policy. The obtained results
also show that the process of diverting ambulances has a low impact
on the total call coverage and the average response time for all calls.
However, urgent call optimization using both dispatches can lead to
lower performance for less urgent calls.

The results presented in this paper are mainly based on the EMS
simulation in the hypothetical region. A more realistic network with
actual traffic and streets of varying sizes and capacities are to be built
into the current simulator. Actual demand patterns will be considered
in the formation of the simulation data. It is expected that we will be
able to evaluate the EMS performance closer to the actual implemen-
tation. We will report the findings in forthcoming papers.
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