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Preparedness measures for emergency and 
disaster response  

Tobias Andersson Granberg 

Division of Communication and Transport Systems 
Linköping University, ITN, SE-60174 Norrköping 
tobias.andersson@liu.se, +46-11-363213 

Abstract   

Quantitative preparedness measures can be used to calculate the level of prepared-
ness for handling disasters or emergencies. They are useful for evaluating plans 
and preparations, and for comparing areas and organizations with each other. This 
chapter gives an introduction to the construction and use of such measures, and 
proposes a general methodology that can be applied when developing them. The 
methodology is exemplified on two case studies, the first concerning disaster pre-
paredness, and the second daily events. In the first case study, a hurricane disaster 
risk index is developed to compare the preparedness for handling hurricanes in 
different counties. The second case study describes the development and valida-
tion of a preparedness measure for emergency medical services, which is used to 
support decisions about ambulance dispatch and relocation.  

1 Introduction 

1.1 Background 

If you ask one ambulance dispatcher about the current preparedness in the 
area, he or she might answer that it is good, everything is under control. If 
you ask another dispatcher the same thing, for the same area, the same 
time, he or she may say that the situation is strained, the preparedness is 
low, additional resources may need to be called in. Two different people 
may conceive a situation differently, even if they are both professionals. 
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Furthermore, since no accepted and utilized definition of emergency medi-
cal preparedness exist, both of them are right (Andersson et al. 2007).  

In the example above, both ambulance dispatchers will have an opinion 
considering the preparedness, even though they might not agree on the 
specifics. The dispatchers know that emergency medical preparedness is a 
description of the ability to serve people in need of out of hospital medical 
care now and in the future. There are relatively few factors that affect this 
preparedness, the most obvious being the number of available ambulances 
(and the expected number of available ambulances in future) together with 
their expected response times, and the expected call frequency.  

When considering preparedness for more severe events, the situation be-
comes more complex. If you were to ask somebody in the crisis manage-
ment organization for an arbitrary municipality to describe the state of the 
municipality’s disaster preparedness, there is a good chance that the an-
swer would be “I don’t know”. If you ask somebody which of two cities 
that has the best preparedness for handling a major storm or a severe act of 
terrorism, the answer might evolve to “I have absolutely no idea” (Simp-
son 2008).  

It is more difficult to define what encompasses disaster preparedness than 
emergency medical preparedness, since many more factors affect the dis-
aster preparedness. Factors for handling a major storm would for example 
include response resources like fire and rescue services, ambulances and 
police, available disaster plans and crisis management organizations, alarm 
systems and many more. Also, some sort of measure of the risk that a ma-
jor storm will occur, and the magnitude of the storm is needed.  

Thus, it is not trivial to define, and perhaps even more difficult to quantify, 
the concept of preparedness. Still, it is – or at least should be – necessary 
when making plans and constructing methods for emergency and disaster 
response and management. If you can measure the preparedness, it will 
give you an indication of how prepared you are for handling a certain type 
of event. If you cannot measure the preparedness, it will be more difficult 
to assess the potential impact of an event, or to compare different plans, 
systems or solutions with each other. 
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1.2 Chapter purpose and outline 

The purpose of this chapter is to introduce the concept of quantitative pre-
paredness measures, and suggest a general methodology for constructing 
such measures. The next sub section will go through a number of defini-
tions and expressions related to preparedness measures. While not aiming 
to review all the related literature, Section 1.4 will give a few examples of 
case studies, projects and initiatives where some sort of preparedness 
measures are constructed or used.  

In Section 2, a general methodology for constructing a preparedness meas-
ure is presented. This methodology is then exemplified in Section 3, where 
it is applied on two cases studies (which were carried out before the devel-
opment of the general methodology). The first case study, described in 
Section 3.1 is performed by Davidson and Lambert (2001). The second, 
described in Section 3.2, is partly an original contribution to this chapter, 
although some of the contents have been previously published in Anders-
son et al. (2007) and Andersson and Värbrand (2007).  

This chapter ends with Section 4, which contains conclusions and some 
recommendations for further studies.  

1.3 Preparedness definitions 

There exists no general definition of preparedness that is useful for actual-
ly evaluating the preparedness in a certain situation. One example of a 
general definition is “the state of being prepared or ready, esp militarily 
ready for war” (Collins English Dictionary 2003), which does not tell us 
anything of what is needed for the preparedness to be high or low, good or 
bad. A definition from the secretariat of the International Strategy for Dis-

aster Reduction (UNISDR 2011) states that preparedness is “The 
knowledge and capacities developed by governments, professional re-
sponse and recovery organizations, communities and individuals to ef-
fectively anticipate, respond to, and recover from, the impacts of likely, 
imminent or current hazard events or conditions.” This gives some clues 
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to which resources that might be necessary, and highlights that prepared-
ness may be viewed from different perspectives, but we still need to know 
the details regarding the incidents.  

For a preparedness measure to be useful, it is necessary to define the event 
you would like to be prepared for, as well as the perspective from which 
the measure will be used. Two examples of more practically useful defini-
tions are “Tsunami preparedness refers to an individual’s perception of the 
extent of being prepared to confront with future tsunami.” (Rachmalia et 
al. 2011) and “Strategic preparedness connotes a set of policies, plans, and 
supporting infrastructure that is implemented in advance of a natural or 
man-made disaster.” (Haimes et al. 2008). In the latter case however, the 
policies and plans will vary significantly if the disaster is flood or if it is a 
train bombing.  

Preparedness measures and indicators are used to evaluate the situation be-
fore an emergency or a disaster has occurred. Depending on the event un-
der consideration, different factors will affect the preparedness. It is also 
possible to view preparedness from different perspectives, e.g.:  

 Personal preparedness. A person’s or a household’s preparedness 
for handling a certain type of event.  

 Organizational preparedness. A response organization, e.g. the 
police, might be interested in the preparedness for helping people, 
while a company may have their own preparedness for dealing 
with disasters, emergencies or economic crises.  

 Society preparedness. On a larger scale, society preparedness can 
be a nation’s ability to handle a major disaster, i.e. national disas-
ter preparedness. On a regional scale, it may be a measure of how 
the region, e.g. a county or a municipality, is organized to ensure 
the safety and security of its inhabitants in case of accidents. 

Risk, hazard and vulnerability are concepts that are closely related to pre-
paredness. They share a characteristic in that there exist no universal – but 
a multitude – of definitions for each expression.  
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Once again falling back the UNISDR definitions (UNISDR 2011), they 
state that: 

 Hazard is “A dangerous phenomenon, substance, human activity 
or condition that may cause loss of life, injury or other health im-
pacts, property damage, loss of livelihoods and services, social and 
economic disruption, or environmental damage.”  

 Vulnerability is “The characteristics and circumstances of a com-
munity, system or asset that make it susceptible to the damaging 
effects of a hazard.”  

 Risk is “The combination of the probability of an event and its 
negative consequences.” 

Thus, an earthquake is a hazard, and the hazard probability in an area to-
gether with a measure of the potential negative consequences (which are 
directly dependent on the vulnerability), make up the risk. Furthermore, it 
is argued that vulnerability must be discussed within a hazard context, and 
that response and recovery constitutes important parts of the vulnerability 
(Birkmann 2007). That is, an area with plenty of emergency response re-
sources is less vulnerable to a forest fire, than a similar area with fewer re-
sources. Measuring risk and vulnerability is similar to measuring prepar-
edness, and in some cases it can easily be argued that a preparedness 
measure could be denominated a vulnerability measure or a risk measure.  

1.4 Relevant work 

Table 1.1 summarizes a number of studies where preparedness (or in some 
cases risk or vulnerability) measures are developed. More examples of 
work done to measure the risk, vulnerability and preparedness for disasters 
can be found in Birkmann (2007). Similar studies regarding everyday 
emergencies are scarcer; in Table 1.1, only Andersson and Värbrand 
(2007) clearly focus on routine emergencies, although it may be possible 
to view the road tunnel accidents considered in Manca and Brambilla 
(2011) as less severe emergencies as well.  
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Table 1.1. Event and perspective for some preparedness measure studies 

Source Event Perspective Purpose of measure 

Andersson and 
Värbrand (2007) 

Routine ambu-
lance calls 

Organizational Calculate preparedness levels 
within a county to support dis-
patching and relocation  

Baker (2011) Hurricanes Personal Analyze household preparedness, 
to find relationships between pre-
paredness and demographic vari-
ables, and between preparedness 
and demand for relief materials 

Cardona (2005) General disas-
ter 

Society To compare the disaster prepar-
edness between countries 

Davidson and 
Lambert (2001) 

Hurricanes Society To compare in U.S. counties’ 
preparedness for handling hurri-
canes  

Manca and Bram-
billa (2011) 

Road tunnel 
accidents 

Society, organi-
zational 

Evaluate tunnel safety by compar-
ing it to an optimum level 

Markenson and 
Krug (2009) 

Pediatric care 
in case of gen-
eral disaster 

Organizational No specific measure developed: 
discussion and recommendations 

Rachmalia et al. 
(2011) 

Tsunami Personal Analyze the relationship between 
personal tsunami experience and 
preparedness for a tsunami 

Simpson (2008) General disas-
ter 

Society To compare the disaster prepar-
edness between cities 

WHO (2011) Pandemic in-
fluenza 

Society To evaluate and compare differ-
ent countries’ preparedness for 
handling an influenza pandemic  

 

The studies in Table 1.1 are classified according to Event, Perspective and 
Purpose of the measure. When the event is General disaster, this may 
mean that the measures in the study include multiple disasters, like in Car-
dona (2005) and Simpson (2008). Markenson and Krug (2009) do not de-
velop a measure, but discuss pediatric care in the aftermath of events like 
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hurricanes and terrorist attacks. The perspective (see Section 1.3) is select-
ed based on the potential users and application of the measure. In Manca 
and Brambilla (2011), the perspective can be societal or organizational de-
pending on who is responsible for the road tunnel safety. Most of the 
measures are used for comparing different areas (zones, cities, counties, 
countries) with each other. This is however often just one of the purposes; 
the comparison can then be used as a base for improving the preparedness.  

2 How to measure preparedness 

2.1 Methodology 

A general methodology for constructing a preparedness measure is sug-
gested below. It consists of four steps, each of which will be further dis-
cussed in the following sub sections: 

1. Select event and perspective 
2. Select indicators 
3. Combine the indicators 
4. Validate the measure 

2.2 Select event and perspective 

As described in Section 1.3, it is necessary to decide which event to pre-
pare for, and which perspective that should be used. In many cases, this 
might be a straightforward decision. A response organization, like the fire 
and rescue services, should primarily be interested in the organizational 
preparedness, and the events that they are responsible for. However, if they 
want to construct a measure encompassing multiple events, e.g. the prepar-
edness for handling all types of fires, traffic accidents, landslides and 
drowning accidents, the factors that need to be involved in the measure in-
creases in number. It becomes even more complicated if you want to con-
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struct a measure for (general) disaster preparedness for a city. Then it is 
necessary to calculate the occurrence probability for all types of disasters 
that might affect the city. It is also necessary to select the perspective; in 
the society preparedness which is the natural choice for this example, the 
inclusion of both the organizational preparedness for the response organi-
zations and the personal preparedness for the citizens might be required.   

In short, the complexity of the preparedness measure rapidly increases 
with the number of events and the number of perspectives that the measure 
should be able to incorporate.  

2.3 Select indicators 

A preparedness measure is typically constructed by a set of indicators. A 
couple of examples of indicators that can be used for different kinds of 
events are: 

 (Personal) tsunami preparedness: Knowledge, individual emergen-
cy planning and resource mobilization capacity (Rachmalia et al. 
2011). 

 (Personal) hurricane preparedness: Food for three days, flashlight 
with batteries for three days, medicines, drinkable water, important 
papers on hand, an outdoor grill, a generator (Baker 2011). 

 (Organizational) road tunnel accident preparedness: tunnel length, 
emergency exists, tunnel manager experience, training of emer-
gency personnel, first aid support, and many more (Manca and 
Brambilla 2011).  

 (Organizational) pediatric emergency preparedness: pediatric pro-
viders available for emergency preparedness, specific numbers of 
pediatric patients who can be treated, number of children that the 
triage providers can triage per hour, etc. (Markenson and Krug 
(2009). 

 (Society) national pandemic influenza preparedness: how often the 
national committee/task force meets, surveillance measures during 
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a pandemic, health facilities priorities and response strategies, etc. 
(WHO 2001).  

Furthermore, although they may not be directly used as preparedness 
measures, operations research methods applied to the preparations phase of 
disaster or emergency management usually have some criteria for evaluat-
ing proposed solutions. Some of these criteria may well be used as prepar-
edness indicators, e.g. coverage measures, expected response times or sat-
isfied demand.  

When constructing a quantitative measure, it is necessary to use indicators 
that can be quantified. For instance, the indicator Knowledge, used in 
Rachmalia et al. (2011), was measured using a questionnaire where each 
respondent got a score depending on the level of knowledge. It is also nec-
essary to select indicators for which reliable data is available, or possible 
to collect.  

2.4 Combine the indicators 

Assuming that there exist a set of sensible indicators, they will most prob-
ably vary significantly in units; including time measures, monetary units, 
binary units and percentages. If these indicators are to be combined into an 
index, or some other sort of measure, or if they are to be directly compared 
to each other, it may be necessary to weight or scale them. There are many 
methods for this, and a nice overview is given in Cardona (2005), where 
the advantages and disadvantages of methods like regression models, fac-
tor analysis, multi-criteria decision making, expert judgment, and analytic 
hierarchy process, among others, are discussed.  

For a certain event or set of events and perspectives, it may not be enough 
to construct just one measure. It may even be contra productive for the in-
tended purpose of the measure; e.g. creating a measure for all kinds of dis-
asters that may affect a city can be useful if the main purpose is to compare 
different cities’ disaster preparedness. It will however not necessarily give 
any guidelines as to how, and in which areas, the preparedness can be im-
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proved. For the latter purpose, one measure for each type of disaster that 
may affect the city would be more useful.  

2.5 Validate the measure 

When the selected indicators have been combined into a preparedness 
measure, it needs to be validated. A successful validation means that the 
measure fulfills its intended purpose. There are a number of methods and 
techniques available for validating quantitative models, and especially the 
validation of simulations models has been a thriving research area, see e.g. 
Sargent (2005). Although not all technics commonly used for validating 
simulation models are applicable here, a number of them can still be used 
to ensure that the developed measure produces reasonable and useful re-
sults.  

Two examples of techniques mentioned in Sarget (2005), that can easily be 
applied to the validation of preparedness measures are:  

 Sensitivity analysis: The parameters that constitute the input data 
to the measure are changed, and the output from the measure is 
studied. This is applied in the first case study (Section 3.1). 

 Face validity: System experts are asked to study and comment the 
results produced by the measure. This is applied in the second case 
study (Section 3.2). 

3 Case studies 

Two cases studies are presented to illustrate how the proposed methodolo-
gy can be used in practice. The first study concerns hurricane disasters, 
and is an example of a measure for disasters while the seconds study deals 
with emergency medical services concentrating on routine emergencies. It 
should be noted that the cases studies were performed before the develop-
ment of the methodology.  
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3.1 Development of a hurricane disaster risk index 

In Davidson and Lambert (2001), a hurricane disaster risk index (HDRI) is 
developed for comparing the risk of hurricane disasters in counties in the 
U.S.A. The authors point out that they use the term hurricane disaster risk 
instead of hurricane risk, to make it clear that the response and recovery 
capability is included in the measure. Thus, it is quite possible to regard 
the index as a preparedness measure, since it also gives an indication on 
how prepared a county is for handling a hurricane.  

3.1.1 Selection of event and perspective 

The first step in the methodology described in Section 2 is to select the 
event and the perspective for the measure. The event type in this study is 
easily identified as a hurricane, i.e. a single specific event. The perspective 
should be regarded as societal, since the main intended purpose is to com-
pare different counties.  

3.1.2 Selection of indicators 

The second step is to select appropriate indicators. Davidson and Lambert 
(2001) include four main factors in the study, each with a number of sub-
factors, which are made up by a number of indicators (see Table 3.1). 

Table 3.1. Indicators for hurricane disaster risk used in Davidson and Lambert (2001) 

Factor Subfactor Indicator 

Hazard 

Wind hazard 

Mean return period of hurricanes Cat 1-2 

Mean return period of hurricanes Cat 3-4 

Mean return period of hurricanes Cat 5 

Storm surge % area below 50-year stillwater elevation 

Rainfall Average forward speed of hurricanes [knots] 

Exposure 

Population expo-
sure 

Resident population 

Average daily num. of tourists, June-Nov 

Building exposure 
Number of housing units 

Median home value [dollars] 
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Economic expo-
sure 

Income from agriculture [$1000s] 

Number of business units 

Lifeline exposure Value of power lines [dollars] 

Vulnerability 

Population vulner-
ability 

% population aged 0-4 or 65+ 

% population (aged 16-64) w/mobility limitation 

Public education indicator 

Building vulnera-
bility 

Average BCEGS grade 

% of homes that are mobile homes 

Economic vulnera-
bility 

% businesses with less than 20 employees  

Emergency re-
sponse & recov-
ery capability 

Connectivity % county land detached from mainland 

Evacuation & shel-
ters 

Number of shelters available 

Evacuation clearance time [hours] 

% population expected to evacuate 

Mobility 
Population density [people per sq. km] 

City layout (roads in grid=0; otherwise=1) 

Resources 

Num. hospital beds per 100.000 people 

Num. physicians per 100.000 people 

Per capita state gross product [constant 1990 US$] 

3.1.3 Combining the indicators 

The third step is to combine the indicators to construct a measure that can 
be used to compare different counties. However, the indicators in Table 
3.1 vary in units including knots, dollars and percentages. So, before the 
indicators are combined into an index, they are scaled using a linear func-
tion:  

 (1) 

where Xij
’ is the unscaled value of indicator i for county j. maxpossi is the 

maximum expected value for the indicator that are likely to occur in any 
U.S. county in the next ten years, and minpossi is the minimum expected 
value.  However, for indicators that have a positive impact on the prepar-
edness, minpossi will have the larger value of the two. Thus, for the indica-
tor Resident population, minposs is zero while maxposs is 2.3 million. 
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Supposing a county has an unscaled indicator value of 750 000, the scaled 
value for the indicator will be 750 000 x 10 / 2 300 000 = 3.26. The indica-
tor Num. physicians per 100.000 people has a minposs of 690 and a max-
poss of zero. Given that the unscaled indicator value is 150, the scaled 
counterpart will become (150 - 690) x 10 / -690 = 7.82. After scaling, the 
indicators take values from 0 to 10, where less is good. A value close to 
zero for an indicator means that the risk is low, or that the preparedness is 
good, in regards to that specific indicator.  

The indicators are then weighted and additively combined into a value for 
each factor, e.g. V = wV1XV1 + … + wV6XV6, where V is the vulnerability 
factor and wV1 is the weight for the first vulnerability indicator (% popula-
tion aged 0-4 or 65+, XV1). Finally the factors are multiplicatively com-
bined into an index value with a weight for each factor. To determine the 
weights, the analytic hierarchy process is used, where the indicators are 
compared pairwise. Index values are calculated and analyzed for 15 U.S. 
counties.    

3.1.4 Validation of the measure 

The last step is to validate the measure, to make sure that the results are 
credible. Davidson and Lambert (2001) point out that  

“Just as the indicator set is part of the definition of the concept that 
is being measured, so are the weight values. If the weights are 
changed, the concept being measured is also, and the county rank-
ings corresponding to the new concept should not necessarily equal 
those associated with the original concept.” 

That is, changing anything in the measure – indicators, parameters, or 
weights – might alter the results that the measure is used to produce. So, in 
order to analyze the results’ sensitivity to changes in the weights, they per-
form an uncertainty analysis using Monte Carlo simulation, and conclude 
that the results are stable. The same type of validation is performed for un-
certainty in input data, but here the results indicate that uncertainty in data 
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might indeed affect the ranking of counties produced by the measure. 
Therefore, it may be beneficial to reduce data uncertainty.   

In conclusion, the hurricane disaster risk index constructed by Davidson 
and Lambert (2001) is a nice example of a disaster preparedness measure 
that could well have been developed using methodology proposed in Sec-
tion 2.  

3.2 An EMS preparedness index 

Keeping an adequate preparedness is one of the most complex tasks for an 
ambulance dispatcher. It requires knowledge of where call sites are likely 
to appear and of how fast the ambulances can travel through different parts 
of the area, as well as knowledge of where the ambulances currently are 
located and if they are available. Today, many ambulances have GPS 
(global positioning system) receivers and transmit their position and status 
to an emergency center. Still, to know where ambulances might be needed 
in the future, and how fast they can get there, requires experience. We will 
develop a preparedness measure for emergency medical services that can 
be used to support these decisions.   

3.2.1 Selection of event and perspective 

When selecting the event and the perspective for the measure (Step 1 of 
the methodology in Section 2), a definition for emergency medical services 
preparedness can be useful. A suggestion is that:  

In emergency medical services, preparedness refers to the abil-
ity of being able to, within a reasonable time, offer qualified 
emergency medical care to the inhabitants in a specific geo-
graphical area.  

The definition is purposely vague, leaving it to the politicians to decide 
how long time that is reasonable, and what qualified means. Still, it is pos-
sible to use as a base for building a preparedness index.  
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The event in this case is any daily event that ambulances respond to, and 
the intended use for the measure is daily operations, i.e. routine emergen-
cies. Here we assume that all events that ambulances respond to require 
just one ambulance, and that all ambulances in the system can be consid-
ered equally qualified to handle an event. Therefore, it is not necessary go 
into detail concerning the events, since they all require the same type and 
amount of resources. The perspective is organizational, since the intended 
users are ambulance dispatchers, who are responsible for maintaining the 
preparedness in a particular area.  

3.2.2 Selection of indicators 

In order to select indicators (Step 2), the geographical area is divided into a 
set of zones, N. A weight cj is assigned to each zone j. This weight mirrors 
the probability that an ambulance will be needed in the zone and can for 
example be calculated as cj = [the expected number of calls in zone j] 
where a forecast for the number of calls must be performed. It is also pos-
sible to base the weight on the population, advance knowledge of special 
events and other information that may affect the need for ambulances in 
the zone. The weights can also be time dependent, e.g. cjt = [the weight for 
zone j in time period t], as the need for ambulances often varies with time. 
For simplicity, we will now however concentrate on static weights.  

We assume that the preparedness in a zone mainly depends on three indi-
cators: 

1.  The number of ambulances that can reach the zone (within a cer-
tain time). 

2.  The time it takes for the ambulances to reach the zone (i.e. the 
travel time). 

3.  The expected need for ambulances in the zone (i.e. cj). 

3.2.3 Combining the indicators 

Using the three selected indicators, it is possible to construct a measure in 
a number of different ways. Depending on the construction, the different 
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measures will have different qualities. This makes it important to carefully 
consider what the measure can and will be used for. The measure then has 
to be tested to see if it possesses the desired qualities.  

The measure suggested here, is that the preparedness in a zone j can be 
calculated as:  

∑   (2) 

where cj = the demand for zone j; Lj = the number of ambulances that con-

tribute to the preparedness in zone j;  l = the contribution factor (the 

weight) for ambulance l (l = 1 is the closest, 2 the second closest etc.) and 
tj

l = the travel time to zone j for ambulance l and the following properties 
hold: 

⋯  (3) 

  ⋯   (4) 

Thus, the preparedness is calculated by letting the Lj closest ambulances to 
zone j contribute to the preparedness with an impact that is decreasing as 
the travel time to the zone increases. 

The basic idea behind the measure is that the closest ambulance is the most 
important and therefore should give the largest contribution to the prepar-
edness. More ambulances than one might however be needed to ensure a 
high preparedness. If the demand cj is large, this indicates that the frequen-
cy of calls in the zone is relatively high, which means that one ambulance 
probably will not be able to serve one call and become available again be-
fore the next call arrives. In this case there is a need for backup ambulanc-
es in, or close to, the zone to ensure that the preparedness does not drop to 
an unacceptable level.  

We let each Lj be constrained by Lj  L, where L is a positive integer. It is 

not necessary to use a very large L, since ambulances that become busy 
will be available again when they have completed their call. Suppose, for 
example, that the three closest ambulances in a specific case are located at 
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5, 10 and 15 minutes respectively from zone 23 and that  l = 1, 0.5, 0.25 

for l = 1, 2, 3. With a demand, c23, equal to 0.1, this would give a prepar-

edness of p23 = (1/0.1) * (1/5 + 0.5/10 + 0.25/15)  2.67. However, the 

value 2.67 does not tell us anything if it cannot be put into a context, which 
is characteristic for most index measures. Thus, we need a calibration and 
a validation procedure to find relevant values for the parameters and to 
make sure that the measure is useful.  

3.2.4 Validation of the measure 

As for the final step in the methodology, the preparedness measure is vali-
dated using three different methods:  

A. Comparison with coverage measures 
B. Validation by simulation 
C. Validation by dispatcher evaluation 

First, the measure is calibrated for the county of Stockholm in Sweden. 
The area is divided into 1240 zones, and a travel time matrix is produced 
containing deterministic travel times from each zone to each other zone. 

Population data for each zone is used to calculate cj.  l is set to 1/2l-1 for l = 

1, 2, …, 7, i.e.  1 = 1,  2 = 0.5,  3 = 0.25,  4 = 0.125, etc. A maximum of 7 

ambulances are used to calculate the preparedness for a zone. The objec-
tive in Method A is to see if the measure behaves similar to other prepar-
edness measures, in this case coverage. Thus, we would like to see that for 
increasing values on pj, we also get an increase in the coverage.  

Coverage is calculated as the number of people (in percent) that can be 
reached by one ambulance, within 10, 15 and 20 minutes respectively. 
This makes coverage a measure for the entire area, while the preparedness 
is calculated per zone. Therefore we define the area preparedness P as: 

min ∈  (5) 

where N is the set of zones. Other ways of aggregating the zone prepared-
ness values into area preparedness are discussed in Lee (2011). A mathe-
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matical model is formulated to maximize the area preparedness P, and so-
lutions for a number of test cases involving a varying set of ambulances 
are obtained using a simulated annealing heuristic. The coverage is calcu-
lated for the resulting location solutions and the result can be seen in Fig-
ure 3.1. It is clear that the coverage in the area increases when the area 
preparedness P increases. 

 

Fig. 3.1. The coverage increases when the area preparedness increases 

The results from validation method A indicate that the construction of the 
preparedness measure, and the parameter settings, make sense when com-
pared to coverage. It should be noted that the coverage measure used here 
only include first response coverage, and does not take into account the 
possibility that an ambulance might become busy, something that is built 
into pj.  

Method B involves validating the preparedness measure using simulation. 
Using the measure as a base, an ambulance dispatch algorithm and a relo-
cation algorithm are developed. The ambulance dispatch algorithm will 
dispatch the closest ambulance for all priority 1 calls (life threatening). 
When faced with less urgent calls, the algorithm will select all ambulances 
that are reasonably close (e.g. within 20 minutes) to the call site, and recal-
culate the preparedness in all zones given that one of these ambulances are 
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dispatched. Finally, the ambulance that has the least impact on the area 
preparedness will be dispatched.  

The ambulance relocation problem occurs when one or more zones have a 
preparedness level less than a certain threshold, Pmin. The objective is then 
to reach the Pmin level in all zones as quickly as possible. The preparedness 
is increased by relocating one or more ambulances closer to the zones that 
suffer from a low level of preparedness. The relocation problem is solved 
using a greedy tree search heuristic.  

Both algorithms are incorporated into a simulation model which is run us-
ing the same data (although somewhat refined, especially the demand data) 
as in Method A. The results show that the response times decrease with 
more sophisticated dispatching (when evaluating the preparedness before 
dispatching to low priority calls, instead of just sending the closest ambu-
lance) and when using relocations. However, a lot of relocations are need-
ed to get significant reductions in response time. More details on the vali-
dation work using Method B can be found in Andersson and Värbrand 
(2007).  

The results from Method B indicate that if the preparedness measure is 
used practically, the main performance parameter in EMS – the response 
times (or more accurately the patient waiting times) – should benefit. The 
preparedness measure can be implemented into a geographical information 
system (GIS), visualizing zones with preparedness less than Pmin as red. 
The dispatchers can then manually act upon this information and take it in-
to account when selecting units to dispatch, or trigger relocations to pre-
serve the preparedness in the area.  

In Method C, the main users of the EMS preparedness index, i.e. the am-
bulance dispatchers, gets to evaluate the measure. The preparedness meas-
ure, with a corresponding visualization feature, the dispatcher algorithm 
and the relocation algorithm, are implemented in the GIS used in emergen-
cy centers in Sweden, operated by the company SOS Alarm. 11 scenarios 
are constructed, where in each scenario, 3-6 areas are marked. The scenar-
ios consist of a map screenshot from the GIS with a set of available ambu-
lances, the day and the time. 20 dispatchers, who all have experience of 
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working with the areas in the scenarios, have to decide if the preparedness 
in each area is good (1) or bad (0). The result is shown in Figure 3.2. It is 
obvious from the result that different ambulance dispatchers may have dif-
ferent opinions regarding EMS preparedness. Dispatcher 4 (Op4) thinks 
that the preparedness is less than acceptable in 37 of the 48 areas, while 
dispatcher 11, 14 and 16 only think it is bad in six areas. Not for one single 
area, the dispatchers agree that the preparedness is inadequate; even for the 
worst area (Area 8-2) one dispatcher (Op2) considers the preparedness to 
be acceptable. However, the preparedness is considered good enough by 
all the dispatchers in ten of the 48 areas.  

 

Fig. 3.2. Dispatcher perception regarding EMS preparedness 

The preparedness pj for the areas are calculated for different choices of pa-
rameters and are compared to the mean values of the dispatchers’ results. 

The parameter settings that are tested include different values on   as well 

as the squaring of the travel times. Comparing the dispatchers perception 

Area Op4 Op3 Op5 Op20 Op7 Op9 Op18 Op13 Op2 Op8 Op17 Op1 Op12 Op6 Op15 Op19 Op10 Op11 Op14 Op16 Mean
8-2 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0,05
6-2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0,10
11-2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0,10
7-2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0,15
11-4 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1 0 0 0 0 0,20
6-1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0,25
2-4 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 1 1 1 1 0,35
4-2 0 0 0 0 0 0 1 1 1 0 0 0 1 0 1 1 0 0 0 1 0,35
9-1 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 1 1 1 1 1 0,35
9-2 0 0 1 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 1 1 0,40
7-3 0 0 1 0 0 0 0 1 0 0 1 0 1 1 1 1 1 0 1 1 0,50
9-3 0 0 1 0 0 0 1 0 0 1 0 0 1 1 0 1 1 1 1 1 0,50
3-2 0 0 0 0 0 0 0 1 1 1 1 1 0 1 1 0 1 1 1 1 0,55
10-1 0 1 0 0 0 0 1 0 1 1 0 1 1 1 1 1 1 1 1 0 0,60
11-5 0 0 1 0 1 1 0 0 0 0 1 1 0 1 1 1 1 1 1 1 0,60
1-3 0 0 0 0 0 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0,65
4-3 0 0 0 0 1 0 1 1 1 1 1 0 0 1 1 1 1 1 1 1 0,65
6-5 0 1 0 0 1 0 1 1 0 0 1 1 1 1 1 1 1 1 1 1 0,70
10-2 0 1 0 0 1 0 1 1 1 1 0 1 1 1 1 1 1 1 1 0 0,70
2-3 0 1 0 0 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0,80
4-4 0 0 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 0,80
4-5 0 0 1 1 0 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 0,80
6-3 0 0 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0,80
6-4 0 0 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0,80
8-5 0 1 0 1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0,80
1-2 0 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0,85
3-1 0 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0,85
7-1 0 1 0 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0,85
11-6 0 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0,85
4-6 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0,90
5-1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0,90
11-1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0,90
4-1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0,95
5-3 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0,95
8-1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0,95
8-4 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0,95
8-6 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0,95
9-4 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0,95
1-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1,00
2-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1,00
2-2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1,00
3-3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1,00
5-2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1,00
8-3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1,00
10-3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1,00
10-4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1,00
10-5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1,00
11-3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1,00
Mean 0,23 0,52 0,54 0,58 0,60 0,60 0,69 0,73 0,75 0,75 0,75 0,77 0,79 0,81 0,83 0,85 0,88 0,88 0,88 0,88 0,72
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of what entails EMS preparedness, with the values that are produced by the 

quantitative measure, reveals that using contribution factors  = 1, 0.5, 

0.25, etc. reduce the contribution from the second and the third ambulance 
too quickly. Thus, for an area with high demand, it might never be possible 
to reach an adequate preparedness level, no matter how many ambulances 

that are available. Contribution factors  = 1, 0.9, 0.8, etc. give a better 

correspondence to how the ambulance dispatchers perceive preparedness. 
Another result of Method C is that by squaring the travel times, i.e. using a 
measure like:  

∑ 
 (6) 

the preparedness measure is enhanced even further. This becomes evident 
when studying some of the areas where the preparedness measure fails, 
and realizing that it is because there are two or three ambulances at some 
distance (e.g. 30 minutes) from a fairly, not overly, demand intensive area. 
The preparedness measure without the squared travel times will then cal-
culate the preparedness as adequate, since the ambulances together make 
up a good preparedness. A majority of the dispatchers, on the other hand, 
would like to have at least one ambulance closer to the area for the prepar-
edness to be adequate. One option to mirror the dispatchers’ opinions in 
this case is to lower the threshold level, Pmin, until the preparedness is low 
in this area as well, but this will result in a low preparedness also in high 
demand areas, that actually have plenty of ambulances nearby. By squar-
ing the travel times, the preparedness will drop rapidly when the ambu-
lances are further away. This way, it is possible for multiple ambulances to 
build up a good preparedness in areas where the demand is high, by being 
located close to that area. However, the preparedness in areas with a medi-
um demand and no ambulances close by will be inadequate, just like the 
dispatchers perceive it.  

The next logical step in the validation process would be to repeat Method 
A and B with the new preparedness measure and the new parameter set-
tings, to ensure that these results still hold. Furthermore, the dispatcher 
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evaluation should be repeated with dispatchers from other emergency cen-
ters, working with other geographical areas.  

The method proposed in Section 2 can thus be used to develop a prepared-
ness measure for emergency medical services, focusing on daily events. 
Similarly, it is possible to construct a measure for e.g. fire and rescue ser-
vices. However, this would have to take into account that the events con-
sidered might differ quite a lot in regards to which and how many re-
sources that are needed in the response.  

4 Conclusion 

This chapter gives an introduction to the concept of measuring prepared-
ness, and an overview of the methods available. It is easy to convince 
someone that it is beneficial to measure preparedness, risk and vulnerabil-
ity, but most of the preparedness measures available have a clear disad-
vantage. They do not say anything by themselves, they lack units and they 
are difficult to understand and interpret. Both of the preparedness measures 
presented in more detail in this chapter are unit-less, and the preparedness 
needs to be calculated for number of counties (in the hurricane measure) or 
for a number of zones (in the EMS case). When this has been done, it is 
possible to compare different counties or zones, and define a level of 
standard for the preparedness.  

What would be useful for a decision maker is a measure that can be ap-
plied without the need for benchmarking. But then the measure would 
have to have a unit that can easily be interpreted, e.g. cost or expected 
number of lives lost. The main difficulty with constructing such a measure 
is the complex relations between the event, the response, the vulnerability, 
and the consequences. It is extremely difficult to say, with some certainty, 
how many people in a specific city that will die in an earthquake. It is even 
more difficult to say how many that will be saved with the introduction of 
an early warning alarm system, or if the number of emergency response re-
sources are increased by 10%. Even for systems dealing with everyday ac-
cidents, where historical data is available, this is not trivial. Consider for 
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example a housing fire. The consequence of the fire can be measured in 
lives lost, people injured, property value destroyed, and environmental 
damages. However, how many lives that are lost will depend on how many 
people that were inside when the fire started (which is correlated to the 
time of day), the material and the construction of the house, how quickly 
the fire services arrive, how many firefighters that respond, which kind of 
vehicles and equipment they have, and many other factors. This makes it 
difficult to find a model that can predict the consequences given that we 
have all the input values, though such a model would very useful.  

Consequently, there is need for more research investigating the relations 
between emergencies, disaster and other events, the preparedness for han-
dling them, and the consequences. Given that we can find, and quantify 
these relations, it will – to a much larger extent – be possible to measure 
and optimize the preparedness, and also get acceptance for the results.  
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