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The efficient allocation of resources in the aftermath of an earthquake in an affected area largely depends on the iden-
tification of post-earthquake critical rescue area. This paper is the second part of the companion paper on the integra-
tion of smart watch and geographic information system (GIS) to identify post-earthquake critical rescue area. In the
first paper, we proposed a new system through an application installed on a wearable device to dissipate the informa-
tion of trapped victims called the Earthquake Emergency Micro Response System (EEMRS) Hossain et al. (2020) [27].
In the current paper an analytical model is developed to evaluate the effectiveness of it in the search and rescue (SAR)
operations. The information dissemination formulation is postulated through observations and interactions with ex-
perts. The process of local first responders' immediate post-earthquake activities from dispatch to extricating the
trapped victims at the affected area is carefully calibrated with the firefighter activities recorded in the aftermath of
Kobe earthquake. Evaluation using the developed analytical method imply that the increase in use of smart watches
in earthquake prone areas can significantly increase the extrication efficiency of firefighters. In addition, this proposed
model can be used by emergencymanagers to know the robustness of their post-earthquake initial situation assessment
techniques.
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1. Introduction

Post-earthquake initial situation assessment is considered to be essential
for efficient earthquake emergency response. It is necessary to know the ex-
tent of damage area and location of trapped victims in order to determine
where local first responders need to send their resources after the earth-
quake. Without accurate and holistic initial situation assessment, there is
a high likelihood of improper resource allocation, especially during the
first twelve hours. For example, in the case of Ji Ji Earthquake, most
urban search and rescue teams concentrated their efforts in the Nantou pre-
fecture as it was the earthquake's epicentre [19]. However, Taichung pre-
fecture had the highest number of recorded deaths (1177), and yet fewer
(eight) rescue teams. For this, the Taiwanese government was blamed on
account of imprudent urban search and rescue team's allocation. To allocate
the resources efficiently to the earthquake affected areas, [24] proposed a
dynamic optimization model. In another work Multistage stochastic pro-
gram (MSP)was used to deploy the urban search and rescue teamoptimally
[17]. EPEDAT (The Early Post-Earthquake Damage Assessment Tool) is to
estimate real-time loss to support the emergency response decision [23].

Ghosh and Gosavi (2017) elaborated semi-Markov model to quantify the
hazard rate and to estimate the restoration time after an earthquake [25].
A scenario based model, which is the combination of CIA-SIM and Delphi
method, was proposed to evaluate the earthquake emergency management
effectiveness by extracting the earthquake emergency key elements [66]. A
Bayes decision procedure model was developed by Nojima and Sugito
(1999) to optimize the process of post-earthquake emergency response
and their model suggested that prompt information collection is essential
to emergency response [41]. Chiu et al. (2020) proposed indicators for
post-disaster (earthquake and rainfall-induced disasters) search and rescue
efficiency by using progressive death tolls [20]. A rescuemodel based on hi-
erarchical Voronoi diagram considering high altitude rescue, street human
resources and road transport relief is proposed by [43]. As there seems to be
absence of a direct approach ormodelwhich is capable to evaluate the post-
earthquake information collection techniques, this research aims to de-
velop a simplified numerical model to evaluate the post-earthquake initial
assessment methods. The proposed model can be used by emergency man-
agers to know the robustness of their post-earthquake initial situation as-
sessment techniques, which will help them to take timely initiatives for
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awareness and preparedness for proper response. Based on past working
methods and research some of the common methods of initial situation
analysis techniques are discussed in the current manuscript.

1.1. Integrated disaster management system

The traditional approach to disaster management used to be response
orientated [44] where actions were taken to minimize the impact of the di-
saster in the aftermath of the events withminimum focus to disaster risk re-
duction. However, increase in the amount of loss of life, property and
associated impact has improved the understanding and brought forth the
importance of a proactive approach in case of disaster resulting in the devel-
opment of an integrated disaster management system [30]. Also, in the past
years, the focus of disaster response has greatly changed to pre-disaster pre-
vention efforts and coordinated reconstruction activities to strengthen the
capacity of the population, reduce their vulnerabilities, develop pre-
disaster plan, ensure effective response and long-term development
[36,64]. Therefore, many nations follow an integratedmanagement system
consisting of continuum of inter-related actions namely prevention, pre-
paredness, response and recovery. The prevention and preparedness
phase plays a vital role in minimizing the damage and saving lives of the
population in case of catastrophic disasters like earthquake [12,39]. Ac-
cording to UNISDR, (2009) prevention includes structural and non-
structural activities like retrofitting, enforcement of building code, land
use planning, vulnerability analysis, awareness raising etc. to reduce the
likelihood of disaster by avoiding existing risk or creation of any new
risk along with reduction in the adverse impact of a disaster [47]. On
the other hand, preparedness phase involves improving the capacity to
anticipate, respond to and recover from the residual risk through public ed-
ucation, training, developing early warning system and preparing contin-
gency plan [30]. Several studies discusses how these activities and
disaster education prior to an earthquake hazard can help the people in
prompt decision-making and quick manage coordinated response in times
of disaster [11,13,52]. The next phase is response, which largely involves
evacuation, search and rescue and emergency relief in order to save lives,
reduce the health impacts by ensuring public safety, and needs of the af-
fected population (UNISDR, 2009) [47]. And, the last stage is recovery
where lifeline utilities are restored and buildings are reconstructed with a
view to ‘build back better’, considering the lessons learnt from the past.
Therefore, an integrated management system is an integral part of disaster
management for comprehensive risk evaluation, and to mitigate the im-
pacts of hazards and reduce the risk of disaster [46,52]. This study mainly
focuses on how information management system can help us to achieve ef-
fective and efficient response after a catastrophic earthquake. There are
also several instances given in the study conducted by World Bank
(2019), that discusses how Information and Communication Technology
(ICT) helps in each phase of integrated disaster management cycle through
development of tools, such as seismic monitoring system, communication
and prediction technology. Technological advancement has enabled us to
develop disaster management information system which includes real-
time information obtained from image monitoring tools, communicate
the risk and raise awareness through risk visualization and or artificial
reality [57].

1.2. Thematic literature review of initial situation analysis techniques

The purpose of this subsection is to provide a thematic literature review
of the methods which are usually used for post-earthquake initial situation
assessment. They are smart watch, remote sensing, Unamanned Aerial
Vehicles (UAVs), emergency call, mass media, Fast/Field reconnaissance
survey and social media. The thematic literature review of the eachmethod
will provide the potentiality of eachmethod for initial situation assessment.
The detailed description of methods are given below:

Smart watch (proposed): In future, smart watches will be widely used
due to their convenience, affordability, functionality, and recognition

of physical activity [56]. Pradhan and Sujatmiko (2014) mentioned
that smart watch could be worn constantly in all different contexts
when other devices may not be viable [45]. The major difference be-
tween smart watch and smart phone is that by using smart watch it
possible to monitor individual health. Seizure, posture and emotional
state detection, heart rate, temperature and daily activity monitoring
etc. are examples of application of smart watches in health science
[16,29,31,33,35,37,40,48,63]. However, smart watches are an emerg-
ing technology and research with these devices is at a nascent stage;
this research considers smart watch as a new post-earthquake initial sit-
uation assessment tool due to its potential to monitor daily activities
and some basic health parameters. In our first paper, we have proposed
Earthquake Emergency Micro Response System (EEMRS) which inte-
grates smart watch and GIS to identify the post-earthquake critical res-
cue area [27].
Remote Sensing:Remote sensing data are considered as a natural choice
for disaster monitoring, both natural and anthropogenic, because of
wide area coverage and the possibility of fast processing [22]. Remote
sensing plays an important role in all the disaster cycle activities, includ-
ing response, recovery, mitigation and preparedness, however, its most
critical role is in monitoring earth data during post-event (response)
phase. The characteristics of earthquake, include factors such as sudden
onset, unpredictability, wide impact area; requiring a time sensitive re-
sponse, whichmakes remote sensing a useful tool to grasp the actual ex-
tent of disaster, damage level of infrastructure, and accessibility to the
disaster zone [61]. Such kind of information can be very valuable for
an incident commander for SAR operations, logistics, and evacuation
planning. The approaches used to extract post-earthquake damage
information's are visual interpretation, automatic or semi-automatic
classification using optical or SAR imagery, pre- and post-earthquake
building height techniques, 3D change detection etc. [61]. However,
every approach has some limitations. In case of visual interpretation
method, its advantages include the fact that it is the most straightfor-
ward and accurate method, while its disadvantages include the require-
ment of a very high resolution datawhich can be expensive, subjectivity
in visual interpretation, the combined need for both pre and post-
disaster data, dependency on weather, and its time-consuming nature
[8,18,26,50,51,58,60,65].
In the proposed research we are mainly concerned with the minimum

time required to get satellite imagery-based post-earthquake situation as-
sessment with high accuracy. According to UNOSAT's rapid mapping oper-
ational framework, first 24 hrs is assigned for preliminary situation maps
and 72 hrs is assigned for the situation analysis updates [6]. The Centre
for Satellite-based Crisis Information of the German Aerospace Centre pro-
duced damage map for both Haiti earthquake (2010) and Van earthquake
(2011) by using cloud-free image based on visual interpretationmethod ap-
proximately 72 hrs after the earthquake [61]. However, in case of Sichuan
earthquake (2008) the National Disaster Reduction Centre of China
(NDRCC) produced first damage map within half an hour of the earth-
quake. Almost 1300 images from 22 sensors were received and processed
by NDRC for a better understanding of the situation of affected area [34].
In summary, post-earthquake information from remote sensing depends
on both pre- and post-earthquake satellite image availability.

Unmanned Aerial Vehicles (UAVs): In general, satellite images, both
optical and SAR images, are preferred for post-earthquake rapid loss
and damage assessment as it is possible to get the desired images within
the shortest possible time. However, they have several disadvantages
which include, image resolution, cloud coverage and need for optical
imagery, illumination conditions of the affected areas at the time of sat-
ellite passage (at very high latitudes), acquisition conflicts, heavy geo-
metrical distortions etc. can cause delay of the desired images [15].
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UAVs are considered to be a good alternative when desired satellite im-
ages are not available for post-earthquake rapid loss and damage assess-
ment [15]. They have previously been used for identifying building
condition and damage characteristics in post-earthquake scenario
[38], and currently the European Commission is evaluating the prospect
of UAV images as an alternative or complementary source for after di-
saster imagery during emergency situations and in a rapid response
and mapping background [2].

Emergency Call: Emergency services and rescue services are institutions,
which provide public safety and health during various emergencies.
Some of these departments exist exclusively for serving definite types of
emergencies. At the same time others deal with ad-hoc emergencies as
part of their normal responsibilities. To prevent the safety of people and
their property, emergency response services are usually at the core of or-
ganisations to respond to events that pose a threat [62]. In past few de-
cades, how to tackle large scale incidents has become a popular focus
due to several global incidents and accidents [9,10]. In general, emer-
gency services have one ormore reserved telephone and/ormobile num-
bers to receive critical emergency calls. When a call is originated from a
landline phone, the number determines which dispatch centre is appro-
priate for the location and the calls are transferred there. If the call is orig-
inated from a cell phone, the call will be first addressed then transferred
to the appropriate dispatch centre fromwhere the emergency responders
will be sent to the location of the emergency.
Mass Media: Even though social media (Facebook, Twitter) usage
growth is very high and rapid, mass media is still considered as a
more effective vehicle for mass communication after disasters and also
for the collection and dissemination of crisis information [49]. Media,
according to Joseph Scanlon (2011), plays a vital role before, during
and after an incident while serving as a source of public information.
Their reports can influence public understanding during the disaster af-
termath which can often times complicate disaster response and there-
fore must be observed and handled with caution [54]. Undoubtedly,
mass media has the potential to gather and transmit key information,
i.e. trapped victim's location and damage level of the affected area for
emergency manager [21].
Fast Field Reconnaissance Survey: To know the severity and distribu-
tion of damage, it is fundamental to accomplish a fast reconnaissance
of the whole earthquake affected area to facilitate the rescue and evac-
uation operations [59]. There are different types of post-earthquake
building inspections (PEBI) just after the earthquake such as, quick or
initial, rescue, rapid, detailed, and engineering evaluations [59].
Quick (or initial) and rescue inspections are considered in the early
stage of emergency phase. Quick (or initial) reconnaissance's purpose
is tomeasure comprehensive damage of the affected area and is focused
on identification of rescue sites by identifying total numbers of collapses
or severely damaged buildings. The purpose of the rescue inspection
(short-term assessment) is to determine the safety of rescuers as well
as to detect the possible hazard for victims or rescue workers. The
quick and rapid inspections are easier to carry out and require less
time and experience than a detailed one. Usually, quick-PEBSA (Post-
Earthquake Building Safety Assessment) is completed within hours
after the event, although it depends on the severity of the disaster.
Each Local Reconnaissance Team (LRT) composed of two or threemem-
bers, one of whom is a trained technician, usually takes around 10 to
30 s to complete the survey of one building. When LRT identifies a col-
lapsed building with trapped victims, they must immediately report to
the local authorities and Search and Rescue (SAR) teams as victim sur-
vival probability can decrease with time [59].

Social media: Social media are known as a combination of internet-
based tools that allow the exchange of user information to another sin-
gle or group of users through conversation and interaction [7,28,32].
Due to the advancement and availability of internet network, social
media has become more and more popular. Facebook and Twitter are
considered to be the most popular social media platforms. Facebook
has 2.2 billion monthly active users, and Twitter has 336 million
monthly active users [[1],4]. In the last few years, it has been shown
that social media tools can play a vital role during crisis response
[55]. For example, emergency responders have used social media as
an important additional communication channel in 2010 Haiti earth-
quake [14,53]. Another good example is Hurricane Sandy in 2012
where first responders used social media as main communication with
the public [53]. Tomer Simona et al. (2015) discusses the advantages
of social media in emergency situations. According to her, these advan-
tages are- 1) Important and timely information can be acquired;
2) Changing pathways for emergency information dissemination;
3) Transforming emergency tracking; 4) Reliable source of information
when other sources are overburdened; and 6) Re-cheking for misinfor-
mation by itself [55].
The objective of this paper is to develop an analytical method to evalu-

ate the post-earthquake initial situation assessment techniques currently
practiced, and use the method to evaluate Earthquake Emergency Micro
Response System (EEMRS) [27].The contents of this paper are organized
as follows: The introduction is presented in section 1, followed by themeth-
odology in section 2. Section 3 presents results and section 4 presents dis-
cussions followed by the conclusions in section 5.

2. Methodology

Here, a general analytical method is developed, consisting of three
major components, which are input, system, and output. Fig. 1 shows the
flow chart of analytical model.

2.1. Input

There are two inputs in this model, the scenario input and system input.
In the current paper, as mentioned earlier, the search and rescue (SAR) op-
erations has considered in the context of Japan, where the front-line activ-
ities are carried out by firestation and firefighters. Thus the system input
comprises of affected areas, number of trapped victims at each affected
area, the total number of the fire station and firefighters (i.e., first re-
sponders) for the affected region and travel time from the fire station to af-
fected area. The system input refers to all the possible techniques accessible
to incident command center for gathering information on damage, trapped
victims and the location. Mathematically, it could be expressed as:

Initial situation analysis ∝ f Ið Þ ð1Þ

I ¼ iT, information index attributing to the victim0scondition and locationf g ð2Þ

T :! setof all techniques to obtain informationon

the initial situation of the disaster affected areas ð3Þ

In the current study, T is comprised of smart watch, remote sensing, un-
manned arial vehicles, emergency calls, social media, reconnaissance sur-
vey, and mass media.

iT ⊂ iSW tð Þ, iRS tð Þ, iUAV tð Þ, iEC tð Þ, iSM tð Þ, iFRS tð Þ, iMM tð Þf g ð4Þ

Where t is the time. Each of these indices represent the ratio of informa-
tion of the victims obtained at the incident command center and the actual
number of victims. All the indices vary over time depending on their char-
acteristics of delivering information.We postulated general patterns of each
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initial situation assessment technique based on the proposed formulations
as shown in Fig. 2. In other words, information index (which is the avail-
ability of post-earthquake damage and trapped victims information's to in-
cident commanders) from the affected area to the incident command centre
(ICC). The upper bound means that the information index is very high with
time (usually 0 to 72 hrs) which represents emergency institute sound pre-
paredness to gather post-earthquake damage and trapped victims
information's from affected area. The lower bounds mean the information
index is very slow with time (usually 0 to 72 hrs) which represents emer-
gency institute poor preparedness. Fig. 2 represents the upper bound and
lower bound respectively to analyse initial situation after the earthquake.
However, we assumed that lower bound will reach maximum information
index (1) with time, however in certain circumstances it may not able to
reach maximum information index. For that case user can define the maxi-
mum information index value for lower bound based on their experience.

Summary of parameters used in the formulations are tabulated and
shown in A.3 and further details on each of these techniques are explained
hereafter.

iSW, represents the information index of smart watch, and is given in
Eq. (5).

iSW tð Þ ¼ 0, t< tc
bp� Psw, t ≥ tc

�
ð5Þ

tc is theminimum required time to process the information by this proposed
technique, bp is buffer parameter, and Psw is a percentage of smart watch
users in the affected area varying from 0 to 100. tc is chosen according to
the medical experts, and detailed analysis is done in the previous paper
[27], who said that a stable measurement would be obtained after a dura-
tion of about 15–20min. With additional processing time and some consid-
eration to factor of safety, it has been chosen to be 1 hr. Buffer parameter,
bp, varying from 1 to 2, is introduced with a purpose that even if the per-
centage of smart watch user is less, it is possible to identify a higher number
of trapped victims by utilizing the pre-existing seismic risk of the location of
interest. For example, by promoting the use of smartwatch among vulnera-
ble communities, information from smart watch can cover more than
10% of trapped victims, even when only 10% of the people use
smartwatches. This results due to identification of trapped victims location
where other people (not using smartwatches) might also be expected to be
trapped.

iRS, represents the information index of remote sensing and is shown
in Eq. (6).

iRS tð Þ ¼ 0, t< tc
AC � Acr, t ≥ tc

�
ð6Þ

This equation is proposed with an assumption that remote sensing
would follow a stair-step type pattern to provide damage extent of the

Number of of saved lives

Allocate Fire Fighters
Estimate trapped victims at each

location and time
Start Trapped Victims Extraction

No Yes
Extricated victims <

Actual trapped victims 

+

No. of extricated trapped
victims is trapped victims

NoYes Maximum Information > 1%

Survival Probability

Estimate the maximum information obtained from Smart Watch,Emergency Call, Mass
Media,Remote Sensing, UAVs, Reconnaissance  Survey, Social Media

+

No. of extricated trapped
victims 

Scenario Inputs:

1. No of Trapped Victims
2. No of Fire Station
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4. Travel Time
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Situation Assessment 
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SW,EC,M,RS,UAVs,FRe,SM
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Fig. 1. Flow chart of the proposed analytical model to evaluate post-earthquake initial situation assessment method with popular techniques used at the incident command
center.
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affected area and that the number of steps would depend on the extent of
the affected area, image availability and processing time. For instance, if in-
formation with whole area coverage and reasonable accuracy is obtained
after 12 hrs then it will be of one step stair-step type pattern. If information
with 50% area coverage and reasonable accuracy is obtained after 12 hrs
and remaining area coverage is obtained after 24 hrs then it will be of
multi steps stair-step type pattern. tc is the minimum required time needed
to give damage assessment by remote sensing and correlate to the expected
trapped victims, AC is the area coverage, and Acr is accuracy or data reli-
ability. In the current research, it is assumed, based on our observation
and experts opinion, that tc will be at least 6 hrs and maximum 72 hrs,
which is dependent on the extent of disaster-affected area, the percentage
of damage and capacity for post-earthquake remote sensing data process-
ing, and cloud-free image availability.

iUAV, represents the information index of Unmanned Aerial Vehicles
and provides information to incident command centre similar to remote
sensing, it is also assumed that UAVs will follow stair-step type pattern
and is shown in Eq. (7).

iUAV tð Þ ¼ 0, t< tc
AC � Acr, t ≥ tc

�
ð7Þ

Where tc is the minimum required time needed for damage assessment
and assimilation by UAVs,AC is the area coverage in percentage of the total
built area, and Acr is accuracy or data reliability. In the past, Micro-copter
and eBee type platform (Flight Height: 70 m and 150 m respectively)
were used which required 13 and 17 min of flight time to acquire 0.15
and 1.0 km2 respectively [15]. However, in this research, it is assumed
that tcwill be at least 6 hrs and amaximum of 48 hrs considering the extent
of disaster-affected area, the percentage of damage and institution pre-
paredness for post-earthquake UAVs survey.

iEC, represents the information from emergency call and is shown in
Eq. (8). In Japan, one of the main sources of information collection about
damage and causalities immediately after the earthquake is the emergency
calls (dialled at 119). Thus, Eq. (8) is developed based on the Kobe earth-
quake emergency call data received by Kobe Fire Department during emer-
gency period (Fig. 3) and the assumption that, if information providers are
the public then it will follow exponential type pattern.

iEC tð Þ ¼ a� e b�tð Þ ð8Þ

Where, a= Initial value which depends on congestion of line or capac-
ity of emergency service center to tackle huge number of incoming calls,

←

Fig. 2. Post-earthquake damage and trapped victims information providing patterns of different post-earthquake initial situation assessment techniques in the form of
information time-series.

M.S. Hossain et al. Progress in Disaster Science 9 (2021) 100132

5



and b, depends on emergency call receiving rate/ information rate (total re-
quired time to cover the whole affected area).

iSM, represents the information from socialmedia and the correspond-
ing equation is shown in Eq. (9). As the information providers for social
media are the public, it will also follow surge of data over a period of time.

iSM tð Þ ¼ a� e t�bð Þ ð9Þ

Where a= Initial value which depends on data mining of social media
apps for affected people, and b depends on information rate (time required
to cover the affected area).

iFRS, represents the information from fast reconnaissance survey, is
shown in Eq. (10). It follows S-type pattern to transmit trapped victims' lo-
cation and damage level of the affected area to the emergency manager. As
the initial first responders (police, fire fighter, and local government offi-
cers) need to go the affected area, it will take some time to obtain the infor-
mation. Similarly, at the end of the survey, the information attainment rate
will gradually become zero.

iFRS tð Þ ¼ 1þ e −t�að Þ−b ð10Þ

Where, a=slope steepness (depends on total required time to cover the
whole affected area) and b depends on beginning time for data transferring
to emergency manager or local authorities.

iMM, represents the information frommass media and the equation is
shown in Eq. (11). The electronic media will also follow ‘S’ type pattern to

transmit trapped victims' location and damage level of the affected area to
the public as well as to the emergency manager and policy makers.

iMM ¼ 1þ e −t�að Þ−b ð11Þ

Where, a depends on total required time to cover the whole affected
area and b depends on the beginning time for media forecast.

It must be noted that information provision patterns of all methods have
been justified only based on observations and experts concern, need to be
validated by real data if possible. Hypothetical equations only considered
the normal distribution, and may also need to include more parameters in
equation to consider the roughness.

2.2. System

The first step of the system is to estimate maximum information at each
time. The following equation has been proposed to calculate the maximum
information at each time.

IMAX ¼ max ‖ iSW � w1, iRS � w2, iUAV � w2, iEC � w1, iSM � w2, iFRS � w1ð Þ‖
ð12Þ

IMAX is the estimate of maximum information of the initial situation as-
sessment and the weights primarily govern the dependency of these infor-
mation at the incident command center. In this study they have been
chosen as, w1 = 1.0 and w2 = 0.5. This decision is attributed to the

Fig. 2 (continued).
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Kobe earthquake 1995, where besides emergency call and field reconnais-
sance survey, the influence of remaining techniques for allocating first re-
sponders were not clear which is why 50% weight has been assumed
during estimation total or maximum information each time. The next step
of the system or process is to calculate the estimated trapped victims at
each location and time.

nesTV ¼ nTV � IMAX ð13Þ

nesTV is the number of estimated trapped victims, nTV is the actual number
of trapped victims. The third step is to allocate resources unit, nARU is the
resource units to be allocated for SAR operations represented by fire sta-
tions shown in Eq. (14).

nARU ¼ nesTV i½ �−nexTV i½ �ð Þ �∑inFS � IMAX

∑i nesTV i½ �−nexTV i½ �ð Þ ;ith location ð14Þ

nexTV is the number of extricated trapped victims, nFS is the number of fire
station (number of resource units). The fourth step of the system is to extri-
cate trapped victims as given in Eq. (15).

nexTV i½ � ¼ nARU � mFF � dt
tEMH

ð15Þ

mFF = Number of fire fighters involved to extraction trapped victims at
eachfire station, dt= time[i+1]− time[i], tEMH is the number of hours re-
quired by one firefighter to extricate one victim. The final step of system is
to use survival probability (PS) given in Eq. (17), which is established based
on Kobe earthquake 1995 fire fighter data the Eq. (16) to estimate the num-
ber of saved lives at each time (Fig. 4).

PS %ð Þ ¼ 0:0105� t2−1:976� t þ 97:058 ð16Þ

2.3. Output

The final output of the proposed model is number of saved lives (nSL)at
each location and each time shown in Eq. (17).

nSL i½ � ¼ nexTV i½ � � PS ð17Þ

2.4. Case study for verification

In this study, the scenario input is based on the Kobe fire fighter activi-
ties during Kobe earthquake 1995. In total, 1886 trapped victims were res-
cued by Kobe fire fighters, among them 735 victims were alive. Table 1
showsKobe scenario inputs byKobefirefighters. Therewere 29fire stations
in Kobe city and total 1298 full time firefighters. Travel time from fire sta-
tion to affected area have been considered from 1 to 4 hrs with the assump-
tion that less severely affected area took less time and more severely
affected area took more time. The extrication man hours (man hours
needed to extricate one trapped victim) have been assumed to be 8 man
hours to extricate one victims for the first 12 hrs from the disaster, 12

Fig. 3. The number of emergency call received history by Kobe firefighters during
Kobe earthquake 1995 (Source: [3]).

Fig. 4. Regression of survival probability of trapped victim's based on Kobe
earthquake 1995.

Table 1
Summary of Kobe earthquake trapped victims and firefighter capacity used as input
for the current study (Source [5]).

Area
ID

Area Name No. of trapped
victims

No. of fire
stations

Travel time
(h)

1 Nishi 2 3 1
2 Tarumizu 2 3 1
3 Suijo 3 2 1
4 Kita 6 4 1
5 Suma 189 3 2
6 Fukiai and

Ikuta
197 4 2

7 Hyuogo 252 2 3
8 Nagata 390 3 3
9 Nada 417 2 4
10 Higashi Nada 428 3 4
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man hours from 12 to 24 hrs after the disaster, 30 man hours from 24 to
48 hrs after the disaster, 35 man hours from 48 to 72 hrs after the disaster,
61man hours from 72 to 96 hrs and 119man hours from 96 to 120 hrs after
the disaster based on trapped victims extricated by Kobe firefighters [noa,
1995]. The information index (which is the availability of post-
earthquake damage and trapped victim's information to incident com-
manders) from the affected area to the incident command centre (ICC)
have been considered only from emergency call and fast reconnaissance
survey as the influence of remaining tools and techniques for allocating
first responders are not clear in 1995 Kobe Earthquake.

2.5. Evaluation of EEMRS

The analysis is divided into two categories depending on considering
depending on injury dependent extrication, which are case-1: quantitative
evaluation without considering injury severity where we have used same
scenario input as case study for verification and case-2: quantitative evalu-
ation with considering injury severity. Usually, first responders extricate
trapped victims using damage severity, however, with realtime health pa-
rameters it is possible to conduct extrication based on injury level which
can enhance the number of saved lives, we have considered case-2. In
case-2 the injury composition ratio in Kobe City in the Kobe earthquake
1995 based on Ohta et al., 2001 have been used. These are given in Table 2.

3. Results

The output of the results shown in this section starts with the verifica-
tion of the analytical model developed in this study. Followed by the quan-
titative evaluation of the EEMRS by time series of number of saved lives
over varying the percentage of peoplewearing smart watches. Further anal-
ysis of evaluation is done to evaluate the influences of smart watches over
other initial situation assessment techniques with and without injury level
considerations.

3.1. Verification results

Fig. 5 shows the number of saved lives at actual (Kobe earthquake
1995) case and output of analytical model. In the actual case, Kobe fire-
fighters rescued 735 alive victims (38.97%) [5], while the model predicts
744 alive victims (39.44%). The performance of the model to simulate
the realistic scenario is acceptable as the difference between actual and
model is only 0.47%.

3.2. Evaluation results

Fig. 6 represents the effect of smart watch without considering injury
level during trapped victims extrication. In terms of number the maximum
effect is up to 345 person for particular Kobe case without considering any
other constrain except initial situation assessment. However, in terms of
percentage the effect is up to 19%. From the Fig. 6(b) shown on the right,
it is clearly visible that with increase of smart watch use, the information
percentage and the percentage of saved life increases exponentially.

The result obtained from the primary comparison between without and
with smart watch (assumed usage of 50%) at different injury level is shown
in Fig. 7(a) shown on the left. It can be seen from the graph that the cases of
serious injury and uninjured trapped victims show minimal difference be-
tween outcomes of with or without smart watch: 5% in case of serious in-
jury and only 1% for uninjured. However, there was a significant
difference in case of medium injury trapped victims, where the percentage
of saved people can be 18% higher if smartwatch is being used. The Fig. 7
(b) shown on the right, illustrates percentage of saved lives with consider-
ing injury level at different smartwatch usage levels. Further analysis
showed that percentage of saved lived increase up to 5% as compared to
the case of without considering injury level.

4. Discussions

From the results section it is clearly visible that with increase in smart
watches usage among the population and subsequent increase in informa-
tion availability, the percentage of saved lives can increase almost exponen-
tially. This is because the resource allocation in this study is assumed to be
proportional to the information index. Extrication of trapped victims by
considering injury level is done with an assumption that the fire fighters
will first extricate the medium, slight and uninjured trapped victims and
after which they will extricate dead or seriously injury trapped victims.
These results can suggest that incorporating the data disseminated through
smart watches can be invaluable to the emergency experts to carry out ef-
fective SAR operations. It is to be noted once again that this approach
should be used to compliment the existing techniques of initial situation as-
sessment and not as a replacement of current techniques.

The analytical model developed in this study acts as a base model to an-
alyse the initial situation obtained from different sources and, to the au-
thors knowledge, is possibly the first attempt of quantifying information
assimilation at the incident command center. This model can be used to
study the strengths and weaknesses of different initial situation analysis
techniques. The techniques in this study are formulated as hypothetical
equations by pattern estimation as there is not enough data to come up
with regressive equations. The trends for information dissemination in var-
ious techniques considered are based on experiences, observations and ex-
pert opinions, but randomness in this information dissemination is not
considered. The parameters can be assessed more accurately with different
indirectmethods and byhaving randomness and complex interlaced formu-
lations of multiple methods.

As smart watches are able to give real time heart rate of trapped victims,
observing this can allow one to distinguish death or seriously injured

Table 2
Composition ratio by level of injury and Life-span-characteristics-function for the
Kobe earthquake 1995 (Source: [42]).

Injury level Composition ratio in Kobe
city in the Great Hanshin-Awaji
Earthquake

Life-span-characteristics-
function[t = time(h)]

Death/Dying 2% e[−(t/0.092)3.71]

Serious injury 11% e[−(t/3.324)3.71]

Medium injury 23% e[−(t/12.300)3.71]

Slight injury 30% e[−(t/26.590)3.71]

Uninjured 34% e[−(t/66.480)3.71]

Fig. 5. Verification of analytical model results by comparing it with the number of
saved lives in the case of Kobe earthquake.
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trapped victims from medium, slight and uninjured trapped victims. This
study mainly focused on using the existing smart watches to dissipate the
data through the application developed in the first paper. However, the
technological advancements of wearable devices incorporating sensors to
extract blood pressure and other health parameters can lead to more accu-
rate information attainment of victims for effective search and rescue
operations.

5. Conclusions

In this research, a simple analytical model has been developed to help
the earthquake emergency managers which included different methods
for post-earthquake initial situation assessment. This analytical method
was verified with Kobe earthquake firefighter activities and extended to

evaluate the impact of EEMRS over other systems to get information on ini-
tial situation. The analytical results showed that increase in use of smart
watch by trapped victims with the proposed application would save
more lives as the uncertainty of location and victim condition is reduced
significantly, aiding the emergency SAR operations. While this study
considered the rapid information availability, our future considerations
will include randomness in the information dissemination of various post-
earthquake initial situation assessment techniques, and resource constrains
along with information availability within the proposed analytical model.

Declaration of Competing Interest

None.

Fig. 6. Evaluation results showing the saved lives estimated from the analytical model.

Fig. 7. Evaluation results showing the saved lives estimated from the analytical model considering injury based extrication.
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Appendix A. Parameters and definitions

Table A.3
Model parameters.

Module Sub System Parameters Descriptions Limits Remarks

L U

Initial Situation
Analysis

Smart-watch tc Process Time 1 1 Proposed
bp Buffer Parameters 1 2
Psw Percentage of SW 0 1

Remote Sensing tc Process Time 1 72 With time AC and Acc
will increaseAC Area Coverage 0 1

Acc Accuracy or reliability 0 1
UAVs tc Process Time 1 48

AC Area Coverage 0 1
Acc Accuracy or reliability 0 1

Emergency Call a Initial value which depends congestions of line 0.001 0.1 Higher value represents
robustnessb Depends on emergency call receiving rate/ information rate (total require time to

cover whole affected area)
0.1 0.5

Mass Media a Depends on total require time to cover whole affected area 0.1 0.5
b Depends on the beginning time of media forecast −50 −10

Field
Reconnaissance

a Slope steepness (depends on total time to cover whole affected area) 0.1 0.8

b Depend on the beginning time of data sending −50 −10
Social Media a Initial value which depends on data mining of social media apps for affected

people
0.001 0.1

b Information rate (depends on total time to cover whole affected area) 0.1 0.4
Resources Allocation Situation

Analysis
IMAX Maximum Infomation available at eatch time 0 1 *Kobe

Info
Threshold

Minimum information require to assign resources 0 1

Estimated TV nesTV Estimated Trapped Victims 0 Tv
Resources nFS Number of fire station (number of resource units) 0 29

mFF No of firefighters involved to extraction trapped victims at each fire station 0 50
Victims Extricate and
saved lives

Travel Time Ta Require time from ICS to affected area 0 12
Extricate Man
Hours

tEMH Man hours need to extricate each victims 1 120

Survival
Probability (%

Ps Number of saved lives at each hour 0 1
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