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Abstract. Fire agencies on all levels try hard to save lives, properties,
and natural resources. Accurate access to critical information is
essential in this regard, many agencies around the world have
embraced GIS as a tool that helps them balance needs, uses, and
hazards to promote sustainability of the environment while identifying
and limiting vulnerability. At Kingdom of Bahrain, Ministry of
interior established the Geographic Security System (GSS) to enhance
the emergency response. The 3D of the GSS Consisted of 3 main
parts: (1) 3D for terrain model, (2) 3D model for entire targeted zones,
and (3) 3D models for individual buildings. In this paper, the
integration between GSS system and 3D model will be illustrated, and
how this kind of integration could enhance decision support system
(DSS) for fire safety at kingdom of Bahrain. On other hand, we will
highlight the technical and legislation difficulties faced in this project.
Also, the future steps to enhance DSS will be discussed.
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1. Fire Safety
The mission of civil defence agencies is to take all the necessarily measures
for ensuring the safety of the population, of communications as well as
vulnerable sites, public institutions, property and historical patrimony on the
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occurrence of air raids or other acts of aggression or sabotage, in times of
peace and war. Civil defence works for the reduction of disaster
consequences, assistance to victims and the continuity of public services in
disaster situations and states of emergency. It also intervenes in the fight
against fires.
1.1. KEY ELEMENTS OF FIRE SAFETY ARE:

1.1.1. Fire Safety Strategy
Fire Safety strategy and developing the policies and infrastructure to ensure
every member of staff understands their role in securing Fire Safety.
1.1.2. Fire Risk Assessments
These assessments identify any potential weaknesses in the Fire Safety
structure of our buildings or possible hazards in the way we use the
buildings.
1.1.3. Professional Advice
Providing professional advice on the Fire Safety provisions for new building
programmes and refurbishments.
1.1.4. Fire Incident Investigations
These investigations are carried out by the Health, Safety and Environment
Office in order to determine how the event came about. This will help
prevent any recurrence of the incident.
1.1.5. Fire Evacuations
Fire Safety staff will assist in carrying out controlled evacuations to ensure
all systems operate as designed and staff behave as required.
1.1.6. Fire Training
Fire Safety will develop a programme of fire training events to ensure all
staff with a role to play in a fire emergency is suitably trained to carry out
their required duties. This will include the roles of Fire Coordinators and
Fire Marshals.
1.1.7. Fire Equipment & Signage
Fire Safety staff have the task of ensuring that all fire signage is of the
appropriate type and in the correct location. They should also ensure all
statutory tests are carried out on all fire-fighting equipment.
1.2. FIRE LOSES

U.S. fire departments responded to an estimated 1,557,500 fires. These fires
resulted in 3,430 civilian fire fatalities, 17,675 civilian fire injuries and an
estimated $14,639,000,000 in direct property loss. There was a civilian fire
death every 153 minutes and a civilian fire injury every 30 minutes in 2007.
Home fires caused 2,865, or 84%, of the civilian fire deaths. Fires accounted
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for six percent of the 25,334,500 total calls. Nine percent of the calls were
false alarms; sixty-two percent of the calls were for aid such as EMS.

Figure 1. Fire loses at US.

In Canada, during fiscal year 2005/2006, 262 fires were reported on
federal properties, resulting in a direct dollar loss of $1,429,958, with 9
injuries reported and no deaths (federal property, in this context, means
property owned by the government of Canada and excludes properties
controlled by Crown Corporations, the Department of National Defence,
and First Nations).
2. GIS and Fire safety
As mentioned before, one of the primary roles of any government is
providing safety and security for its citizens, properties, critical
infrastructure, and natural resources. Natural disasters, emergencies, crimes,
and the threat of terrorist attacks require rapid response and comprehensive
planning, from public safety agencies. Public safety agencies must balance
the need for both personnel and equipment with the constraints of a realistic
tax-based budget. Today more than ever, public safety officials are using
GIS technology to better understand how to protect the geography of their
communities. GIS helps analyze and display historical events, natural
hazards, technological hazards, vulnerable populations, and critical
infrastructure key to the community’s sustainability.
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2.1 GIS AS COMMON LANGUAGE

GIS provides a common language for all types of public safety
organizations. Data and information in different formats from different
locations can be acquired, integrated, and displayed in GIS. The data can be
quickly queried, analyzed, and rendered through a map; it can then be easily
understood and acted on. It was clear increase the cooperation between the
different organizations and increases the awareness of fire safety role reduce
dramatically the death rates from 34.7 death/million at year 1977 to 10.9
death/million at year 2001 as shown in figure 2(John R. Hall, 2005).

Figure 2. Civilian fire Death Rates, US & Canada

GIS has become an essential tool within the public safety arsenal for all
aspects of their mission:
- Budget development and accountability
- Data collection and data fusion
- Intelligence analysis
- Monitoring incident trends and patterns
- Comprehensive risk assessment and planning
- Preparedness and training
- Dynamic situational awareness/Common operating picture
- Response management
- Incident management
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- Recovery
2.2 FIRE FIGHTING AND FIRE PREVENTION

Fire fighting (civil defence) departments have a policy consists of two
wings: (1) fire fighting policy and (2) fire prevention. The main aims to fire
fighting are to minimize the Intervention time. This is the time from
ignition until effective firefighting streams can be applied to the fire. There
are many factors could effect on the Intervention time (figure 3).

Figure 3. Time/Temperature Relationship

Also we can summarize the main steps for the fire prevention policy to the
following steps: inspection, code enforcement, fire and life safety education,
fire investigation and cause determination, and fire loss statistics
3. Bahrain & fire safety
Bahrain is consistently one of the top Middle Eastern countries in the United
Nations Development Program’s (UNDP) annual index on human
development. The UNDP’s report tracks statistics like access to medicine
and medical care, life expectancy, infant mortality and availability of safe
drinking water. Bahrain ranks proudly among the top countries in those
important yardsticks. Ministry of interior, Kingdom of Bahrain create new
system to enhance emergency responses.
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As a continuation of the total development process in the kingdom's
different sectors including the ministry of interior in the era of his majesty
the king, Shaikh Hamad Bin Isa Bin Salman Al - Khalifa. The royal
regulation no (29) for the year 2003 was issued directly to re – organize the
ministry of interior and as a result, the police training institute became
known as: (The Royal Police college) and became one of its main duties is
to train the ministry's recruits and the prepare and qualify the cadets and
university graduates both academic and police manners (MOI, 2008). To
achieve the above goal, MOI is doing all the efforts to produce professional
police personnel. One of these steps is using GIS system. For that,
Geographic Security system (GSS) has been built as new and powerful tools
that can use for homeland security. In this paper, the focus will be on how to
use 2d and 3D in the GSS system to support the decision making for fire
safety.
4. GSS, Bahrain
Among its many duties, Bahrain’s Ministry of the Interior (MOI) is
responsible the country’s homeland security, infrastructure, natural
resources, and the maintenance of safe and secure passage in and around
the kingdom. MOI decided to strengthen its defensive capabilities and
expand the use of its existing geographic information system (GIS).
Brigadier Basim Al-Hamer of the MOI stated that “this GIS-based national
security implementation is the first of its kind in the Gulf region. Applying
GIS in Public Safety & Law Enforcement systems at the Bahrain MOI will
optimize our emergency response efficiency and accuracy.” The GSS
system is built as a scalable geospatial backbone on which a variety of GISbased command and control subsystems were developed in a highly
integrated manner.
Because integration with other systems is key to the success of the GSS,
it is built on SOA and implemented through a set of Web services that use
industry standards including XML and SOAP (Jianggan Li, 2008).
4.1 FIRE SAFETY AND CAD DIMENSIONS

Using GIS make 2D and 3D play a key role in fire fighting and fire
prevention.
4.1.1 2D APPLICATION and FIRE SAFETY
2D GIS has been used in many fire fighting/preventing applications. The
main applications are strongly used are E911, CAD, Portable map Figure 4
shows part of the activities which could gain benefit from integration
between GIS and 2D drawing.
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Figure 4. 2D and fire fighting

The objective of the E911 is receiving the emergency call and identifies the
precise location of the events and notifies all other MOI directorates which
need to participate as responders. Also E911 is automatically linked with the
fire alarm and smoke detection.

Figure 5. E911 application

However, the main objective of the CAD application, which stands for
Computer Automatic Despatch that allows control-rooms to despatch the
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necessary force (vehicles, persons, etc) to the event location. CAD has the
capability to identify and choose the closest vehicles to the event and track it
with their existing automatic vehicle location (AVL) system. Also, provide
these vehicles with electronic map present the shortest route to the event.

Figure 6. Automatic Computer Dispatch (CAD)

The control-room will still connected with the vehicle until after the
dispatch by portable map application. This application will show the vehicle
driver the shortest route dynamically (that mean the system will calculate all
the variables available to give the shortest route). Also through this system
the field teams will be able to send any changes in the event circumstances
automatically to all participants.
One of the important roles of the civil defence is check the fire safety
regulations for the new constriction buildings’ drawings. As well, The GIS
system has the capability to store the finale approved drawings and link it
with the related conditions and related database. This option could help the
civil defence department in (1) inspection activities, (2) fire fighting
operation, and (3) the investigation after the fire (4) risk assessment for the
target area.
4.1.2 3D APPLICATION and FIRE SAFETY
In this part we will focus on 3 functions: (1) 3D for terrain model, (2) 3D
models for individual buildings, and (3) 3D model for entire targeted zones.
Terrain Model
As mention before, the Civil defence is a part of the parts from the building
permit process. However, that process was only independent about the
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check the Arch plans without any attention to topographic features around
the building. The GSS with his capability to integration with Topographic
surveying department information and link with the landscape design for the
building(s) would help the civil defence agency to create 3d terrain models.
This model could be displayed as 2D as contour lines or 3D as 3d terrain.

Figure 7. Terrain model

This feature could help the civil defence agency in the following: (1)
help the field team to locate their vehicles in right position(s) at fire fighting
time to avoid the spilt direction specially if the site have petrochemical
activities, (2) asset which sites close to event location that may be in more
danger, and (3) help the Architect to redesign the landscape to minimize the
risk for his site and the surrounded area.
3D models for individual buildings:
The first step in any form of automated geographic data processing consists
of the transformation of analog models of objects on the Earth's surface into
machine readable formats. Computer aided design system handle geographic
data in the same manner as photographic separations are used for the
production of topographic maps. While offering major improvements over
photo-mechanical methods of map production, CAD systems have severe
limitations when it comes to analytical tasks. In particular, it is difficult to
link attributes in a database to specific geographical entities and then
automatically assign symbology on the basis of user-defined criteria (Cowen
et al., 1986). By combining standard database management operations with
automated symbol assignment, computer mapping systems provide a much
better linkage between geographic information and display than do simple
drafting or CAD systems (David J. Cowen, 1988). The integration between
GIS can give big hand for facility management. This integration named
Building information management (BIM). That system could give the civil
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defence agency access to all the necessary information such as: 1) Drawing
for all Utilities, 2) space information, and 3) Access information.

Figure 8. BIM system

3D MODEL FOR ENTIRE TARGETED ZONES:
A 3D city model is a three-dimensional representation (3D) of a city or an
urban environment. A common understanding is that every city model
consists of a digital elevation model (ground height) and 3D building data
(building heights).
Several methods are currently used to create 3D city models. The
simplest is to extrude building footprints from 2D maps to a given height
based on building attributes such as the number of storeys. A 3D terrain
model is usually added to provide the landscape context for the buildings.
Most GIS systems support this method but the 3D city model that is
generated does not contain detailed information, such as facade geometry or
textures, and the height of the buildings may not be accurate. S system gives
the civil defence agency accessibility and the ability to see and generate 3D
model for any targeted area. This model would help them to: 1) handle
building permit more efficiently, 2) help them in Risk assessment for the
target area, and 3) the integration between GSS system and weather
information which include wind direction could help the Civil defence
agency to minimize the risk and to enhance their performance to increase
the public safety specially in the big accident.
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Figure 9. 3D city model.

2D & 3D for Security, Vulnerability and Threat Assessments
Risk analysis tends to be a highly mathematically, statistically, and let alone
probabilistically oriented science. Risk maps derived from risk analysis
often portray only one possible scenario and do not leave much room for
personal interpretation. Data on risks and hazards often tend to be
heterogeneous, complex, inter-dependent, not directly comparable, and
correlated in ways that are not immediately apparent. Visualization
technology has emerged as a form of exploratory cartography, which can
help explain, analyze and communicate risk. Because the risk analyst and
the public in general may differ on what constitutes a risk or what not,
visualization techniques can help the risk assessor better understand
underlying factors and generate better risk maps, thus communicating a
clearer message to the public.
Geographic visualization has emerged as a tool for searching through
huge volumes of data, for communicating complex patterns, for providing a
formal framework for data presentation, and for exploratory analysis of data
(Gahegan, 2000). Data on risks and hazards often tend to heterogeneous,
complex, inter-dependent, not directly comparable, and correlated in ways
that may not be apparent without the use of visualization technology.
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5. Conclusion
Certainly, using GIS the applications give great help to the entire the
agencies concern about the public safety. It gives them the ability to perform
spatial analysis, manage large amounts of spatial data, and produce
cartographically appealing maps to aid in decision making. It is improve the
responders efficient and performance by giving them rapid access to critical
data while deploying to and during an incident. It gives the agencies
complete control to the available resources.
The using the 2D based applications considered more well-liked.
However, 3D based application can give the users more advanced analysis
tools and enhance the mission planning. Up till now, the users of the 3D
faced two foremost problems: (1) the size of the files, and (2) data
permeation. The researchers work in this filed need to find solution(s) to
minimize the size of the 3D files that could affect the performance of the
GIS system. As well, there is big need for legislation or bylaw to regulate
the data exchange (especially for the Architect plans) because until now it is
voluntarily base.
Acknowledgements
I would like to thank Eng. Sahar Badawy for her great help. Also, I would like to
show gratitude for all GSS team. Special thanks for Major Waleed the Director, WD,
MIO.

References
Abdalla Mohamed, 2008. Data Quality and Assessment, GSS, Published by GISSI, Ministry
of Interior, Kingdom of Bahrain.
Abdalla Mohamed, 2008. E911 User manual, GSS, Published by GISSI, Ministry of Interior,
Kingdom of Bahrain.
Abdalla Mohamed, 2008. Marin CAD User manual, GSS, Published by GISSI, Ministry of
Interior, Kingdom of Bahrain.
David J. Cowen, 1988. GIS versus CAD versus DBMS, Department of Geography and SBS
Lab, University of South Carolina, Columbia
Gahegan, M., 2000. Visualization as a tool for geocomputation, in: Openshaw, S., and
Abrahart, R.J. (Editors) Geocomputation, Taylor and Francis, London, 253-274
John R. Hall, Jr., 2005. FIRE in the U.S. and CANADA Report, National Fire Protection
Association
Jianggan Li, 2008. Bahrain’s Geographic Security System The GIS-based national. Asian
security review journal, 2008 .

Part 5

