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Abstract: Improvements in the field of Disaster Engineering have been elicited following the
worldwide web of natural and man-made havocs such as Hurricane Katrina and Pakistan’s 2005
earthquake. The role of efficient and robust Information and Communication Technology (ICT) is
essential for minimizing alert and response time and for augmenting meaningful usage of resources
in disaster charged environment. There seems to be increasing feeling among the general public all
over the world for informing them in ahead of any disaster as to save the lives and property. The
buoyancy of communication infrastructure for disasters is crucial for the prosperity of any country.
It is necessary to build a robust and interoperable ICT setup which shall be responsible for facilitating
the first responders as well as the masses when and after a disaster hits. This research is to
demonstrate interoperable ICT infrastructure for Multi-Hazard Early Warning and Response System
for Pakistan, with main focus on minimizing seismic alert time; thus explores the potential of next-
generation wireless networks to develop a robust E-line and Proactive Disaster Management System
which relies on the utilization of robust seismic sensors in Wireless Sensor Networks such as IEEE
802.XX standards (Wi-Fi, WIMAX, Zigbee) used in addressing the scenarios falling in categories of
Personal Area Networks (PAN), Metropolitan Area Networks (MAN) and Wide Area Networks
(WAN). In addition to all stated above, this research is to leverage the abilities of available seismic
sensors to develop a real-time seismic early warning system, the prototype of the same has been
installed using realistic simulation results achieved through OPNET Modeler to generate robust, timely,
and automatic warning messages and alerts for the communities and installations at risk. 

Key words: Emergency Telecommunication, Disaster Management, Earthquake Early Warning
System, WIMAX, Wi-Fi, Zigbee, Multi-Hazard.

INTRODUCTION

Pakistan is one of the disaster prone countries in the world. The earthquakes, floods, tsunamis, landslides,
cyclones and floods are the major threats for Pakistan. The world community was struck with horror by
witnessing the devastating earthquake on October 08, 2005 in Kashmir and its adjoining areas in Pakistan. If
an effective early warning system was in place in the Indian Ocean region, the impact of losses sustained to
lives and property would have not been so cruel. In (Qamar-uz-Zaman Chaudhry, 2006), the authors have
submitted an estimate of US $ 38.25 Million for development of Early Warning System for Pakistan. However,
the document does not speak of any detail about the technology and validation of the proposal in terms of its
technical success. 

Our main objective is to demonstrate and develop interoperable ICT infrastructure for Multi-Hazard Early
Warning and Response System for Pakistan. This project is called CIVIONICS which connotes that facilitating
Pakistani CIVIlians through electrONICS means.
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2. Background:

Pakistan along with other countries is playing its role in the disaster-charged environment. The first
responders are mostly active in a field with no or least ICT infrastructure whereby these agencies are required
to equip themselves with ICT capabilities necessary for coping with the challenging situations (Qamar-uz-
Zaman Chaudhry, 2006). There appears to be an increasing thrust among all governments, corporations, groups
and individuals for an advanced multi-hazard early warning system as to prepare themselves for the impending
threats so as to have an advance ample time for saving lives and property. Pakistan, too, requires proactive
systems because these save lives and reduce first responder costs. In view of such a need, we propose Disaster
Management System as shown by its various steps in Figure 1 which guarantees for the proactive stage of
CIVIONICS system. 
 

Fig 1: CIVIIONICS Early Warning System

3. Early Warning System: 

An Early Warning System (EWS) is made up of several components and is not well represented only by
the issuance of a warning. These components are the formulation of the warning, the issuance of the warning,
and the reception of and response to the warning- each of which has to be considered in evaluating an EWS
(Almaty, Kazakhstan, 2010). A weakness in any part of this process of events from warning preparation to
responses can render the early warning system ineffective, and an early warning system that does not warn
will not be taken seriously (Almaty, Kazakhstan, 2010). 

The prototype of the early warning system for CIVIONICS is composed of identification of appropriate
technology, sensors, communication links, alarm systems, computers and servers equipped with necessary
software. It is important to note that except for the selection of the types of the sensors, the remaining
infrastructure shall be somehow similar for all types of EWS used in different hazards. However the issues
associated with individual disasters are different. Furthermore as the crux of this work is to emphasize upon
the alert time between the occurrence of any disaster and the arrival of alarm signal, our focus shall be
addressing, in detail, the disasters where this time limit is crucial such as the earthquakes. 

Figure 1 poses a picture of Multi-Hazard Management and Alerts Dissemination Concept for Early
Warning Systems of the CIVIONICS. In this figure, the local data processing stations are located near the
installation sites of the respective sensors connected electronically with each other and also with the Main
Warning Issuing Center which then transmits the carefully generated alarm signals to the recipients. The crux
of the problem is to communicate in advance the alarm signals within minimum possible time as to timely alert
the public, critical installations and agencies. 

The installation of appropriate hardware and software for CIVIONICS in the indentified zones shall only
mitigate the impacts of disasters. In order to pre-empt for the tsunami danger in Pakistan, the Tsunami Early
Warning System is proposed in the Arabian Sea near Karachi as well as in Thatta, the interior of Sindh, while
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the rest of the dangers like Fire, Blasts, terrorist attacks etc can be addressed through development of
arrangements of ICT infrastructure for Disaster at country’s Tehsil level. Depending upon the type and intensity
of any imminent threat from the disaster, the country’s respective early warning networks will be invoked to
respond accordingly.

3.1 CIVIONICS Earthquake Early Warning System (CIVEEWS):

The CIVIONICS Earthquake Early Warning System (CIVEEWS) is a regional type alerting network
deployed alongside the fault line of Pakistan which detects the seismic events and at the target site the location
and size is calculated. The target side in our case is regional data processing centers responsible for
dissemination of warning alerts like the one implemented in Taiwan. The CIVEEWS network not only
disseminates the event information but also shuts down the operations of remote valves of industrial processes,
energy generators, gas stations, railways, atomic centers, oil refineries, water supply systems etc, if the need
so arises. 

4. Concept of Seismic Waves in EWS:

Two different approaches are in operation worldwide for implementing an earthquake early-warning system.
One is Nakamura (1988; 1996a; 1996b) uses a single station approach where seismic signals are processed
locally and an earthquake warning is issued when ground motion exceeds triggered threshold. Second approach
is Lee et al. (1996) and is called an array approach where a central station processes signals from an array
of stations and decides whether the earthquake has occurred or not (Lee, W.H.K.,).

There are four types of waves involved in any earthquake- the P (Primary) waves, the S (Secondary)
waves, the L (Love) and the R (Rayleigh) waves. The initial tremors of the earthquake are due to P-Waves
with short wavelengths and are less destructive than the preceding S waves. The shock of P waves is even
not sensed by humans. The shaking of buildings and destruction in terms of lives and property is caused by
the second wave which comes out to be after few seconds. Every early warning system takes advantage of
this time gap between P Waves and S waves. 

Hence any EEWS is designed for initially detecting the occurrence of the P-waves which are fast enough
like a spark of lightning before the sounds of the thunder and the identification of the release of slower moving
S waves thereby estimating the time between the two waves as to obtain the required precision and reliability
of the EWS. The speed of the seismic waves ranges from 3 km/sec to 7 km/sec whereas the information about
the occurrence of the earthquake shall travel on radio technology which has the speed of light i.e. 300,000
km/sec. The P waves travel at approximately 3.5 km/sec whereas S waves travel at about 6 to 7 km/sec.
Generally P and S separation is 1 second for each 8 km of distance traveled (Carlos E. Ventura, 2010). The
tightly gaped seismic sensors are required to be installed in the identified zones of the country. The closer to
the epicenter these sensors are the larger the time intervals will be between the arrival of the seismic and radio
waves and the vice versa. Clearly speaking, the data processing stations which are located nearer to the
epicenter shall have unfortunately lesser time to disseminate warning messages than those who are farther to
the epicenter and which has larger time intervals to prepare for damages. If we deploy a dense seismic network
in the earthquake source area that is capable of locating and determining the size of the event in about 10
seconds, we will have about 3 seconds to issue a warning before the P-wave arrives, and about 12 seconds
before the more destructive S-waves and surface waves arrive at the city (Lee, W.H.K.,). For earthquakes at
shorter distances (say, 20 to 60 km) we must reduce the time for detecting the event and issuing a warning
to about 5 seconds (Lee, W.H.K.,).

Three important attributes are to be noticed which are responsible for strength of the shaking. These are
Peak ground acceleration (PGA), peak ground velocity (PGV) and peak ground displacement (PGD). 

For practical scenarios, the fist integral of the strong motion signal (PGA) results in PGV and the second
integral results in PGD. These are then filtered with numerous iterative procedures using a High Pass
Butterworth Filter with a cut-off frequency of 0.075Hz in order to remove low frequency component signals
attributed to noise during the first iteration. PGA, PGV and PGD are then plotted as the peak values of the
three components along the Y-axis versus X-axis which is arrival time of usually the P-Wave. 

One possible approach for faster warning is to monitor Pd and issue a warning as soon as it has exceeded
0.5 cm (Yih-Min Wu, Hiroo Kanamori, 2008). In one of the Japan’s earthquake in 2007, at the nearest stations
(14 km), the threshold value of Pd = 0.5 cm was reached at 1.36 seconds from the arrival of P wave.
According to (Yih-Min Wu, Hiroo Kanamori, 2008), this type of early warning approach will become effective
especially for close-in sites where warnings are mostly needed and thus we have also used the same for our
CIVIEEWS project. 
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4.1 CIVEEWS Data Collection and Identification of Seismic Hazard Zones:

The major earthquakes the country had faced include the Kashmir earthquake in October 2005 (M 7.6),
the Quetta earthquake in 1935 (M 7.4), the Match earthquake in 1931 (M 7.3), the Pattan earthquake in 1974
(M 6.0) and the Makran cost earthquake in 1945 (M 8.0) claiming the death toll of thousands of lives and loss
of Millions of dollars to the property.

In our research the databases of Harvard, International Seismological Center England (ISC) (International
Seismological Center, 2010), United States Geological Survey (PDE) (United States Geological Survey,) and
Pakistan Meteorological Department (PMD) in addition to the instrumental database of USGS PDE called
NEIC-PDE from the internet have been used for identifying the potential seismic hazard zones for appropriate
and nearly exact deployment of sensors in the CIVIONICS Seismic Network. Most of these catalogues contain
hundreds of up-to-date earthquakes information for the last 500 years. After considering the databases on the
matrices of seismicity, tectonics, geology and attenuation characteristics of the seismic waves, the seismic
hazard analysis is used to provide estimates of the site specific design ground motion at the site of a structure
(Westermo et al., 1980).These catalogues also speak of the Expected Peak Ground Acceleration (PGA) in
m/sec/sec against annually exceeding rate of 0.02, 0.01 and 0.002 with return periods of 50, 100 and 500 years
for solid rocks in and around the different cities of Pakistan. After observations of the several wave patterns
and other related information, a seismic network called CIVEEWS spread over entire geographical area of
Pakistan is designed. The network is composed of MEMS accelerometers, velocity and displacement sensors
connected through DSL, Wireless and point to point radio wave communication systems. According to (Seismic
Hazard Analysis 2007), the zones of high seismic intensity in Pakistan are Hindu Kush region, Northern areas
of Pakistan and Kashmir, North-western part of Baluchistan, the coastal areas of Pakistan (near Makran region)
and the south-eastern corner of Pakistan (Runn of Kutch) and the country has been divided into nineteen zones
as shown in Figure 2.

Fig. 2: Pakistan's Seismic map with the 19 zones overlaid in Google Earth.

However after careful consideration of the tectonic positions in terms of latitudes and longitudes given in
(Seismic Hazard Analysis 2007), it is observed that there appears to be overlapping of many positions. Besides
we have also geographical limitations in respect of implementation of the CIVEEWS as some of the locations
lie inside territorial jurisdiction of India, Afghanistan, Iran and Indian held Kashmir. Therefore after removing
the overlaps as laid down in (Seismic Hazard Analysis 2007) and considering the territorial constraints, the
CIVEEWS Network has been designed in the following high seismic areas of the country:

35.0  N 72.3  E Mengora 30.0  N 68.7  E Loralai Sibi0 0 0 0

28.2  N 69.5  E Kashmore-Kandhkot 31.1  N 71.4  E Lieua0 0 0 0

27.6  N 68.4  E Naudero 31.3  N 67.8  E Chaman Border 0 0 0 0

27.2  N 63.0  E Kharan Turbat 36.1  N 71.0  E Chitral0 0 0 0

36.1  N 76.0  E Kashmir1 38.0  N 76.0  E Kashmir20 0 0 0

25.0  N 66.7  E Inside Sea Near Karachi 23.0  N 67.9  E Run of Kuch0 0 0 0
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23.7  N 67.5  E Karachi1 24.5  N 70.1 E Umer-Kot Badin0 0 0 0

27.6  N 68.4  E Larkana-Sukkur 34.7  N 71.2 E Chitral2-Afghan Border0 0 0 0

31.1  N 71.6  E Tobateksingh/Lieu 36.1  N 74.4  E Baam/Kashmir0 0 0 0

31.1  N 69.9  E Zhob-Taunsa 28.0  N 60.0  E Baam-Afghan Border0 0 0 0

30.1  N 65.0  E Afghan Chaman Border 32.0  N 60.0 E Naseerabad Border 0 0 0 0 

4.2 CIVEEWS Network Architecture:

CIVEEWS network infrastructure for EEWS is under development and is consisted of 20 onsite stations
(covering an area of approximately 90 x 90 KM each) for each data processing centers and four for each of
four command and control centers situated within four provinces of Pakistan being electronically connected
with country’s other alerting systems to provide beforehand warning information to the population and first
responders in case of impending natural and manmade disasters as shown in Figure 3.

Fig. 3: Network of CIVEEWS data processing stations designed in OPNET. Blue Subnets depict four
Command and Control Centers in the Country, whereas red subnets indicate CDPS

The CIVEEWS network is composed of three main sections. CIVEEWS Onsite Stations (COS), CIVEEWS
Data Processing Stations (CDPS), CIVEEWS Command and Control Centers (CCCC).

Furthermore, for design considerations, the CIVEEWS infrastructure is divided into four regions depending
upon the locations of the COS inside the CDPS. Four CCCC representing the four provinces of the country
are designed; each one bearing the responsibility of communicating with their respective CDPS who in turn
is electronically connected with the COS. While the number of COS within a designated area is varying
nevertheless effort has been made to restrict each region within a geographical coverage of approximately 90
X 90 kilometers. Therefore the network is distributed in multiple subnets connected with respective CDPS for
onward transmission of real-time seismic information to CCCC. Keeping in view the formats of the seismic
chains in the country, the COS has been deployed along ellipses with major axis parallel to each of the
country’s chain covering an individual area of about 10-15 Km.
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The onsite stations (COS) are equipped with two types of instrumentations- the northern region of the
country is equipped with Colibrys SF3000L MEMS Accelerometer Sensors at some stations and Silicon Design
devices utilized in ESS-1221 sensors at few other stations. The former sustain the frequency response of DC
to 1000Hz while the later has the capacity from DC to 400 Hz. Thus the system has the capability of sampling
up to 2000 SPS, while the southern region has been managed with Guralp Systems’ instrumentation (Website
Guralp Systems, 2010). Equipped with solar panels possessing 7 days fully operational autonomy, each of the
steel/iron boxed COS inside the earth is calibrated with GSM/GPRS alarm systems connected with remote
environmental and industrial sensors for emergency shut off and also with data loggers. The concept of seismic
on-site stations for CIVEEWS using Gularp System’s devices is shown in Figure 4. Each instrument (Strong
Motion / Low Motion / Medium Motion) is linked to Guralp Systems’serial server /UPS module responsible
for providing uninterrupted power and TCP/IP connectivity for data streams. Through many Ethernet switches,
all these are connected to a common local network. In each building, data from the Guralp Systems is
communicated to a server computer over which Scream software is running. This server and software is
responsible for data collection and distribution to the other installations. Furthermore, an ADSL modem is used
for internet access for the equipments and forwards requests for GCF data to the Scream server. Scream can
also convert incoming streams to various commonly-used formats including UFF (both ASCII and binary
variants). A GPS system is connected to the digitizer whereas the data is also relayed through VSAT module.

Fig. 4: Setup of the Seismic COS

The selection of data logger for CIVEEWS is a dynamic and not an easy task. For the purpose of getting
reliable results, considerations like the ability of digitizer to measure the smallest voltage increment (LSB), the
dynamic range, maximum excursion and selectable gain, have been taken into account in selecting the data
logger. If an A/D converter has the ability to measure LSB of amplitude A, then the Noise Power is given
as. If M is the number of bits of converter, the sine wave power can be calculated as. The Dynamic Range
R can be calculated as: After some data input 10 log R = 6.02 * M + 1.76 dB. A perfect 24 bit converter has
dynamic range of 146 dB. The CMG-24 (Website Guralp Systems, 2010) model by Guralp Systems having
GPS time cataloging and UDP/IP connectivity with LINUX operating system running on HP Porliant SeedLink
Server machine is used for COS. The Earthworm, on each triggered event, finds magnitude and focal
mechanism estimations through real time event detection and location tracking techniques. Presently, the health
management system of CIVEEWS is achieved through commercially available software. System reliability,
accuracy and sustainability during strong seismic events are the factors we are looking into our system. In
order to generate ground shaking maps in the post disaster scenario, various attenuation relationships based
on stochastic process given by Boore (1983) coupled with downloaded data from the catalogues of USGS
(United States Geological Survey,) and IRIS (Incorporated Research Institutions of Seismology) (IRIS 2010)
are used for CIVEEWS. 

5. Analysis and Simulation Phase:

Figure 6 shows the sequence of events adopted for achieving reliable and accurate CIVEEWS results. The
design of CIVEEWS requires a challenging task of demonstrating the prospective sites for placement of the
COS and CDPS. Our aim is to minimize the time window for seismic early warning messages disseminated
to the population at risk. For achieving the mentioned objective, 45 data sets of the real earthquakes occurred
in Pakistan have been taken from the above mentioned catalogues based on set criteria having Local Magnitude
greater than 5.0, focal depth < 40 Km and earthquake occurred within 50 Km of the identified zones. 
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.

Fig. 5: Example of Pakistan’s Earthquake on            Fig. 6: Flowchart of CIVEEWS Simulation Setup
    October 08, 2005. Data collected from 

IRIS catalogue

Data are integrated for velocity and distance calculation, the filtering operations are performed over the
waves and the results are recorded. Examples of the recorded results are given in Figure 5 and the simulation
steps are shown in figure 6 which represents October 08, 2005 earthquake in Kashmir, Pakistan. The selection
of onsite stations for our EEWS is realized against the time gap between P and S picks at various distances
of the different stations. The received data is also analyzed for P, S Pp, Ss and other waves using Alan Jones
(Endwell NY 13760) software “Seismic Waves Version 2.1 level 2009.9.27” . 

5.1 Telecommunication Infrastructure:

The communication infrastructure for the CIVIONICS has been designed as to characterize the system to
meet the multi-hazard needs of the country. For the CIVEEWS, different options are being demonstrated for
the COS connected with CDPS and the later with the CCCC. The best option is PTCL’s (Pakistan
Telecommunication Limited) tentative wired optical DSL broadband network but its existence at many areas
at risk is lacking.

In view of such a situation, one has to look for wireless-cum-wired solution wherein COS is connected
with CDPS either through WIMAX (Wireless Interoperability for Microwave Access) IEEE 802.16e/m Protocol,
or Wi-Fi, or Zigbee or through point to point radio wave communication technologies or via satellite
communication channels or all for ensuring link redundancy parameter. Similar options are being demonstrated
for establishing reliable, fast, robust and secure communication between CDPS, CCCC and other components
of CIVIONICS such as Flood Early Warning System, Tsunami Early Warning System and Terror Bombing
Early Warning System etc. A comparative analysis of wireless technologies considered and used for
CIVIONICS design is given in Table 1.
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Table 1: Comparative Analysis of Wireless Technologies for CIVIONICS development
Technology Wi-Fi Zigbee Wimax
Application Wireless LAN,
Internet Sensor Networks Metro Area Broadband Internet 
Family 802.11 a/b/g/n 802.15-4, 802.15-4a 802.16 e/m
Typical Range 100 m 70-300 m, 900m Up to 50 km
Frequency
Range 2.4 GHz, 5.8 G Hz 2.4 G Hz, 868 GHz, 915 MHz 2-11 GHz
Data Rate 108 – 600 M bps 250 Kbps 75 M bps
M odulation DSSS DSSS QAM
Network IP & P2P Mesh IP
Access Protocol CSM A/CA CSMA/CA Request/Grant
Key Attributes Wider Bandwidth, Flexiblity Cost, Power Throughput, Coverage
Network Topology Infrastructure/
Ad-hoc Ad-hoc Infrastructure
Spectrum Type ISM  Unlicensed/
Licensed ISM  Unlicensed/Licensed Licensed
Radio Technology OFDM /M IM O DSSS M IM O/SOFDM A
Battery Life (Days) 5 1000 3

6. Dissemination of Warning Messages:

The warning messages after the occurrence of the disaster event are being transmitted to the people at risk,
first responders, hospitals, installations at risk, media and so on automatically. For CIVIONICS System, we
have developed Splendid SMS Delivery software over Microsoft®.NET Framework Version 2.0 or above
running in Windows 98/2000/XP/2003/Vista environment. 

7. Discussion of Results and Conclusion:

In this paper we have given the architecture for early warning system. The results of minimized warning
time window from 3 seconds to 120 seconds, for the stations being at distances of 15-27 Km, using various
simulated communication models developed in OPNET for design of earthquake early warning system for
Pakistan called CIVEEWS, are given. Apart from this, a rapid warning dissemination setup called ‘splendid
SMS’ has also been developed. The disaster engineering community can also benefit from the novel idea
presented in this research for invoking simulated technique using OPNET Modeler for fixing up onsite
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Fig. 7: Different CIVIONICS Models developed in OPNET (a) Example of CIVEEWS WIMAX Model (b)
CIVEEWS Two COS connected through Wi-Fi Model (c) Example Scenario of CIVEEWSCOS setup
using Zigbee Model (d) Scenario for CIVIONICS WIMAX Network in Karachi. The workstations
shown indicate the sensors’ deployment.

seismic stations, data processing centers and command and control centers used in development of a new or
up gradation of existing early warning systems. The CIVEEWS network architecture is analyzed with varying
communication models such as WiFi, WIMAX and Zigbee etc over the performance matrix of link quality,
link reliability, guaranteed data transfer, error control, QoS, jitter, packet loss and throughput for fixing up the
minimum warning time window. Figure 7 shows the various scenarios of CIVEEWS designed in OPNET
Modeler. Several results are obtained for varying models and few of them are shown in Figure 8. A careful 
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Fig. 8: Simulation Results of various scenarios developed in OPNET

observation of the results follows that (i) for achieving the warning time window of up to 15 seconds, COS
being at a distance of 10-27 kilometers from the epicenter, the Wi-Fi communication model could be the
prospective candidate for the CIVEEWS, (ii) whereas for achieving time window of less than 5 seconds the
4 or 5 COS being at a distance of 15-25 kilometers from the epicenter, the WIMAX model is the appropriate
solution. (iii) however a cost analysis (to be published in a separate research) of the two models with Zigbee
Model suggests that installing easy to deploy tiny and cheap Zigbee devices may result in even lesser time
window of up to 2-3 seconds with COS being at a distance of 10-15 kilometers from the epicenter.
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