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ABSTRACT 

Abuja Municipal Area council (AMAC) like major cities of the world is 

constantly faced with the problem of fire outbreak. From reports, domestic 

fire outbreaks have been on the increase. Fire disaster is known to be 

dangerous in man life, it has destroyed several properties worth millions of 

naira and many lives lost in Abuja and other part of the country due to fire 

outbreak. This research therefore aims to generate a geospatial model for fire 

vulnerability. A combination of questionnaire distribution and geospatial 

analysis were conducted. The geospatial analysis includes the distance away 

from filling station to residential building, fire station, population density and 

distance of heavy electrical structures to residential buildings. The filling 

station was buffer using multiple ring buffer of 150, 250 and 350m, fire 

service station was buffer with multiple ring of 500, 1500 and 2500m, the 

population density map of the study area was created using colours to depict 

the variation in high, low populated areas and the industrial areas were 

buffered by multiple ring buffer of 100, 150 and 200m. Analytical Hierarchical 

Process (AHP) was adopted in assigning weight to the parameters used to 

dictate their level of vulnerability. Results showed that detailed information 

about the causes of fire are usually unknown, since resident are not helpful in 

providing useful information. However, the residents themselves attributed 

the fire outbreak to carelessness, proximity to filling stations, over 

conjunction in the residence, inadequate fire stations in the study area, 

proximity of heavy industries to residential structures which can easily fuel 

any electric sparks in the study area etc. 
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INTRODUCTION 

Background to the Study 

From time immemorial, it had been on record that fire has been a source of 

comfort and at the same time a source of catastrophe for mankind. Among all 

disasters known to man, fire disasters are the most prevalent on a global scale. 

Fires are hazards worldwide particularly in developing countries like Nigeria, 

frequently displacing hundreds of people and destroying lives, property and 

livelihood (Eguisi, 2012). Fire can be defined as “a process of combustion 

characterized by heat, or smoke, or flame, or any combination of these.”  Fire 

can be seen as a rapid oxidation of materials in the exothermic chemical 

process of combustion, releasing heat, light, and various reaction products 

(Anyokson, et’al, 2004). Asari, (2014, 2015), considers fire outbreak as “an 

uncontrolled process of burning in a place not intended for it which may cause 

health hazard and life threat as well as considerable material losses.” A 

vulnerability map are maps that gives the exact location of places where 

people, the natural environment or property are at risk due to a possibly 

catastrophic event that could result in death, injury, pollution or other 

damage. 

The Abuja master plan was earlier designed to bring forth a united and 

sustainable city. Among several other things, the master plan had projected 

that there would be districts, with a population of 5,000 people and above, 

and facilities including a secondary school, health and shopping centers, 

market, post office, police and fire stations. The present reality however is the 

contrary. This has consequently leads to uncontrolled fire outbreak from 

overloading and overstretch of electrical appliances.  

Abuja was built mainly in the 1980s and it officially became Nigeria's capital 

in 1991, the master plan was based on a population much less than it 

presently has. At the 2006 census, Abuja city is said to have a population of 

over 776,298, making it one of the ten most populous cities in Nigeria (2006 

Census). According to the United Nations, Abuja grew at the rate of 139.7% 

between 2000 and 2010, making it the fastest growing city in the world 

(United Nation, 2007). As of 2015, the city is still experiencing an annual 

https://en.wikipedia.org/wiki/United_Nations
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growth of at least 35%, still retaining its position as the fastest growing city 

on the African continent and one of the fastest in the world. Since the 

emergence of Abuja as the capital Nigeria the city has witnessed a huge influx 

of people into the city; the growth has led to the rise of satellite towns such as 

Karu Urban Area, Suleja, Gwagwalada, Lugbe, Kuje and smaller settlements to 

which the planned city is sprawling. The unofficial metropolitan area of Abuja 

has a population of well over three million and comprises the fourth largest 

metropolitan area in Nigeria, surpassed only by Lagos, Kano and Ibadan 

(National Population Statistics, 2005) Houses designed for just five people, is 

now being occupied by 25 people. The facilities which include electricity 

supply and kitchen infrastructure becomes overstretched. Electricity wires 

meant to take minimal loads of 2TVs, two fans and a couple of electrical bulbs, 

is suddenly over loaded with several fans, Air condition, hot plats etc. 

increasing the risk of burnt wires, short air circulation etc. Leading to fire 

outbreaks. (Federal Fire Service, 2010-1016) Likewise, inadequate kitchen 

space, may result in inhabitant, creating their own temporary damage for 

cooking also increasing the possibility of fire outbreak. Fire service are not 

sufficient enough to reach incident areas at required time with the present 

population, in Abuja now there are about 13 fire service stations only (Daily 

Trust Newspaper, April, 2016) As a result of the inadequate fire stations, the 

response to fire incidence is often delayed because of the distance.  

Many factors can lead to the occurrence of fire outbreak either in our homes, 

market, religious places, work places, schools and etc. Some of those factors 

are candles being carelessly used, no culture of having fire extinguishers in 

the houses. A fire service system that is not efficient enough to reach incident 

areas at a record time, dropping an unquenched cigarette. Some studies have 

shown that cigarette smoking is inversely related to income, so low-income 

households are arguably at greater risk from fires caused by careless smoking 

(Ahrens, 2007).All things been equal intoxicated people are at great risk of 

falling asleep while smoking and improper discarded cigarette is a dangerous 

source of fire (Olhoff,A & Sarpong, T, 2011,2012) Again, analysis of disaster 

impacts in informal settlements shows that fire causes the greatest loss of life 

and property. Response to fires, especially in informal settlements continues 

to be a daunting task. This is largely due to the lack of publicly provided 

firefighting systems, the lack of water sources to douse fires, dense building 

https://en.wikipedia.org/wiki/Karu_Urban_Area
https://en.wikipedia.org/wiki/Suleja
https://en.wikipedia.org/wiki/Kuje
https://en.wikipedia.org/wiki/Lagos
https://en.wikipedia.org/wiki/Kano
https://en.wikipedia.org/wiki/Ibadan
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concentrations, flammable building materials (untreated wood, plastic and 

cardboard), lack of access roads, and haphazard electricity connections. 

Further, there is lack of resources to upgrade preparedness and response 

skills coupled with poor infrastructural development have resulted in a 

growing risk at large scale, multiple structure fires in informal settlements, 

thus contributing to their vulnerability (ADPC, DREF, 2004,2011,2012) 

Nigeria Electrical Power Authority (NEPA,2012) revealed that candles used 

for light in the absence of electrical power caused about one of every three of 

the studied fatal home candle fires. A one in four (24%) of the fatal home 

candle fires occurred in homes in which the power had been shut off. Seven 

percent (7%) of the fatal fires occurred during temporary power outages.  

A vulnerability map gives the location of sites where people, the natural 

environment or property are at risk due to a potentially catastrophic event 

that could result in death, injury, pollution or other destruction. Such maps 

are made in conjunction with information about different types of risks. A 

vulnerability map can show the housing areas that are vulnerable to a 

chemical spill at a nearly factory. But it just as likely, could delineate the 

commercial, tourist, and residential zones that would be damaged in case of a 

100-year flood or, more devastation, a tsunami. Vulnerability maps are most 

often created with the assistance of computer technology called Geographic 

Information Systems (GIS) and digital land survey equipment designed for 

use in the field. However, vulnerability maps can also be created manually 

using background maps such as satellite imagery, property boundaries, road 

maps, or topographic maps. In such cases the municipality’s planning office 

should be involved in order to take advantage of the base maps that have 

already been made for other purposes. 

 

Statement of Research Problem  

Fire are very crucial in our lives and have been used mainly for cooking, 

lighting and heating. According to the Punch Newspapers, the FCT recorded 

368 fire outbreaks which claimed 262 lives in 2011. It also reported that 

between January and June 2012, fire outbreak in the FCT resulted in the death 

of 12 persons and over N12 billion worth of properties destroyed (Nigeria 

daily, 2012). In 2011 Nigerian Fire Fighters carried out 11,284 operations 

with 7,129 of them on fire incidents (National Capacity Assessment Report, 
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2012).In 2010 Abuja recorded 10.9billion estimated worth of property loss 

and 26.9billion estimate property saved, By 2011 an estimated sum of 

25,665,008 billion worth property were loss while 78,096.8 billion was saved 

from fire hazard, then in 2012 estimated property of about 5,948,736,025 and 

save 19,537,224,097, In 2013 7.309 billion and 78.073 billion were also saved, 

again in 2014,the total estimated property worth 7.743 billion lose to fire and 

save 35.56 billion ,finally in 2016 10.38 billion was loss from January and save  

2.08billion also from January to March (Nation fire statistics, Federal fire 

service, Abuja). 

 

Table 1.1 showing the fire incident statistics from (2010 -2016) 

Year Nos of lives 

lost 

Nos of lives 

save 

Worth of 

Property(N) 

Estimate 

loss(N) 

Estimated 

saved(N) 

2011 262 327 Over 26 Billion Over 25 Billion Over 78 Billion 

2012 185 24 Over 24 Billion Over 5 Billion Over 19 Billion 

2013 31 23 Over 85 Billion Over 7 Billion Over 78 Billion  

2014 288 7 Over 42 Billion Over 7 Billion Over 35 Billion 

2015 531 29 Over 72 Billion Over 15 Billion Over 57 Billion 

2016 156 _ Over 12 Billion Over 10 Billion Over 2 Billion 

(Source: National Fire Statistics, Abuja) 

 

Therefore, the incident of fire outbreak is in the increase and there has not 
been sufficient study and research done on fire vulnerability mapping 
particularly within Abuja environ. 
 
Research Questions  
1. What are the common causes of fire out breaks in Abuja? 
2. Where within the study area is more vulnerability to fire outbreak and 

hazard? 
3. Which among the factor is more dangerous in the study area and 
4. What is the degree of vulnerability? 
 

Aim and Objectives of the Study  

Aim 

The aim of the study is to generate a geospatial fire vulnerability Map within 

Abuja metropolis. 
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Objectives  

The specific objectives of the study are to: 

(i) Examine the causes of fire incident in the study area; 

(ii) Generate data needed for fire disaster vulnerability mapping;  

(iii) Determine parameters vulnerable to fire incident within the study 

area and 

(iv) Develop vulnerability model showing the degree of fire vulnerability 

among the districts. 

 

Significant of the Study 

Fire disaster is a major problem of global concern. Nigeria and the world at 

large are being exposed to increasing dangers of disaster with less resilience. 

However, fire disaster is particularly seen as a phenomenon which destroys 

far more than any other form of man induced disaster given its frequency of 

occurrence. (United Nation, 2001) 

This study will assist the relevant authorities to have a better understanding 

of the areas that are prone, and that are at risk to domestic fire in Abuja. GIS 

will be used in this research to map out areas that are prone to domestic fire 

disaster which would therefore shape the debate in the management of 

domestic fire. The ability to understand and know fire prone areas will help 

in suppressing the impact of domestics’ fire and the danger it posed. 

The study will be beneficial to the Abuja Fire and Rescue Service Unit serving 

as a starting point in courting support from within and outside the city. This 

is due to the fact that through this research work, areas requiring a turn-

around in terms of operations through development of a practicable action 

plan will be identified and adequately articulated hence drawing the attention 

of the governments, donor organizations, and well-spirited individuals. The 

outcome of this research will proffer possible ways of mitigating against 

future occurrence of fire Disaster. Its value as a reference material for 

students and other researchers cannot be over emphasized. It will as well 

form a basis upon which further studies can be built. 

 

Justification of the Study 

Remote Sensing and GIS are powerful tools that can improve our 

understanding of geospatial technique. If coupled with other modelling tools, 



 

SSAAR (JECM); Journal of                     September, 2020 

Environmental Design and Construction Management  

 

171 | P a g e  
 
 

Editions 

they can give accurate parameters easy to analysis. If combined with 

geographical modelling tools, they can make the simulation of geographical 

parameters easy. GIS is faster, easy to manipulate and its best tools for 

mapping. This research work hopes to provide information that can be used 

for fire disaster early warning system Abuja in particular. The methodology of 

this research can also append to existing literature. 

 

The study Area 

Location 

Abuja Municipal Area Council (AMAC) catchment is located between Latitude 

70 41 011E and Latitude 70 321 011E, Longitude 80 501 011N and Longitude 90 

101 011N. AMCA has a total population of 776,298 (2006 Population census) 

with a total area of 1,769km2 (683sqm), total area covered by land 1,728 km2 

(667 sqm), total area covered by water 41km2 (16sqm), 713km2 (2755sqm) 

covered the Urban area and has elevation of 840m (2,760ft). AMAC is an 

urban settlement which could be called Mega City because of it fast raising 

population annually. It’s in North central part of Nigeria which is been 

surrounded by states like Nassarawa, Kogi, Kaduna, Niger, Plateau and Benue. 

 

Weather and climate 

The FCT experiences three weather conditions annually. This includes a 

warm, humid rainy season and a blistering dry season. In between the two 

seasons, there is a brief interlude of harmatan occasioned by the North East 

Trade Wind, with the main feature of dust haze, intensified coldness and 

dryness. The rainy season begins from April and ends in October, when 

daytime temperatures reach 28-30 degrees and nighttime lows hover around 

22-23 degrees. In the dry season, daytime temperatures can soar as high as 

40 degrees and nighttime temperatures can dip to 12 degrees, resulting in 

chilly evenings. Even the chilliest nights can be followed by daytime 

temperatures well above 30 degrees. The high altitudes and undulating 

terrain of the FCT act as moderating influence on the weather of the territory. 

Rainfall in the FCT reflects the territory's location on the windward side of the 

Jos Plateau and the zone of rising air masses. The annual total rainfall is in the 

range of 1100mm to 1600mm. 
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Transportation 

Abuja International Airport is the only airport in Abuja. The airport with an 

international and local terminal is undergoing serious upgrades in order to 

make it ready to host an event such as the Commonwealth games. Abuja also 

has a running and efficient Bus Rapid Transit (BRT) and green cab system. 

Construction is underway for an (LRT) system for the city. Abuja does not as 

yet have a connection to the national railway network of Nigeria 

 

Population 

The city of Abuja is one of the only planned cities in Africa, and judging by its 

massive population growth, it is one of the most successful. However, despite 

its short history, Abuja is not just the fastest-growing city in Africa but is also 

one of the fastest-growing in the world. The city was planned in order to bring 

together all of the various tribes, religions and ethnic groups found 

throughout Nigeria. The last census taken in 2006 put the population at 

776,298. However, between 2000 and 2010, the population grew by almost 

140%, with more recent estimates showing that the population now exceeds 

2.4 million. Today, most areas of the city still see annual growth of 35%, 

making it one of the fastest-growing cities in the world. Because of the city’s 

reputation for being welcoming to all groups, no matter their ethnicity or 

religion, the population is only expected to continue to grow for Nigeria’s 

capital city. (/Countries/Nigeria-population/2010) 

 

Demographics, Maps, Graphs of Abuja  

Table 1.1 Demographics table of Abuja 

Years  Population Growth Rate(%) Growth 

2030 4,913,000 3.97% 870,000 

2025 4,043,000 4.72% 832,000 

2020 3,211,000 5.37% 319,000 

2018 2,892,000 5.83% 452,000 

2015 2,440,000 6.11% 626,000 

2010 1,814,000 6.63 % 498,000 

2005 1,316,000 9.58 % 483,000 

2000 833,000 9.63 % 307,000 

1995 526,000 9.77% 196,000 

http://worldpopulationreview.com/continents/africa-population/
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1990 330,000 10.10% 126,000 

1985 204,000 10.29 % 79,000 

1980 125,000 10.18% 48,000 

1975 77,000 9.91% 29,000 

1970 48,000 10.60% 19,000 

1965 29.000 4.75% 6.000 

(Source: National Population Census Commission, 2011)  

 
Abuja's 2018 population is now estimated at 2,892,000. In 1950, the 
population of Abuja was 19,000. Abuja has grown by 452,000 since 2015, 
which represents a 5.83% annual change. These population estimates and 
projections come from the latest revision of the UN World Urbanization 
Prospects. 
These estimates represent the Urban agglomeration of Abuja, which typically 
includes Abuja's population in addition to adjacent suburban areas. 
Fig 1.1: The study area 
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Scope of the Study 

Scope 

The focus of this study is based on acquiring relevant records of domestic and 

industrial fire outbreak, to collect further data which relates to cause fire 

outbreak and then to use the collected data to map areas that vulnerable to 

fire base on the location and extent of damage by downloading the study area 

from satellite imagery digitizing the road and building of the area, queries, 

questionnaires were all used as a tools in the course of the research and finally 

to develop a GIS model for the mapping of fire prone areas. ArcGIS 10.4 was 

used 

. 

CONCEPTUAL FRAMEWORK AND LITERATURE REVIEW 

Conceptual Framework 

Vulnerability is the quality or state of being exposed to the possibility of being 

attached or harmed, either physically or emotionally. Vulnerability 

encompasses a variety of definitions, its seen as the diminished capacity of an 

individual or group to anticipate, cope with, resist and recover from the 

impact of a natural or man-made hazard. 

Ben Wisner et al (2004) defined vulnerability as the ‘characteristics of a 

person or group and their situation that influence their capacity to anticipate, 

cope with, resist and recover from the impact of a natural hazard (an extreme 

natural event and process). Vulnerability has to do with the character, extent 

and rate of activities and variation to which a system is exposed, its sensitivity 

and its adaptive volume. There are various definitions of vulnerability that 

have been proposed by various authors. Neil Adger (2006) suggests that it ‘is 

the state of susceptibility to harm from exposure to pressures associated with 

environmental and social change and from the absence of capacity to adapt”. 

The United Nations International Strategy for Disaster Reduction (UNISDR, 

2007) defines vulnerability as a measure of the capacity to engross the impact 

and recovery from a hazard event and is habituated by a range of physical, 

social, economic and environmental factors or processes. However, all the 

three definition though varied, have a common emphasis on ability of the 

victims to adapt and cope with natural hazards. While multiple context, scale 

and system-tailored assessment methodologies for social and environmental 

vulnerability are available, vulnerability mapping stands out as a useful and 
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widely accepted tool for communicating assessment results to a wide range of 

audiences. Separate maps can be presented for the geographic and 

demographic extent of exposure to hazards, adaptive capacity and ranked 

vulnerability measures. This allows the user to visually follow steps 

undertaken during the analysis, identify vulnerability drivers across 

geographic units or sectors and detect priority areas for intervention. 

(O, H., & Nathanel, 2016)Insufficient enlightens and creation of public 

awareness by fire fighters on the use of installed fire facilities could hamper 

escape from fire hazards and thwart attempts to contain fire outbreaks at 

their preliminary stage (Ibrahim, 2012). 

 

Benefits of vulnerability mapping  

Vulnerability mapping can allow for improved communication about risks 

and what is threatened. It allows for better visual presentations and 

understanding of the risks and vulnerabilities so that decision makers can see 

where resources are needed for protection of these areas. The vulnerability 

maps make decision on mitigating measures to prevent or reduce loss of lives, 

properties, injury and environmental consequences before a disaster occurs. 

An interdisciplinary risk group considers where mitigating measures should 

be taken before, for example, a flood occurs. Those preparing the maps can 

overlap flood inundation and slope stability zones with property maps in 

order to determine which properties and buildings are at risk. They can then 

notify the landowners and inform them of government subsidies or other 

support available for undertaking a measure that would protect their homes 

from potential damage for example, water inundation or slope failure.  

Vulnerability maps can be applicable in all stages of disaster management: 

Prevention, mitigation, preparedness, tasks, relief, recovery and lessons-

learned. In the prevention stage planners can use vulnerability maps to avoid 

high risk zones when developing areas for housing, commercial or industrial 

use. Technical experts can be alerted about places where the infrastructure 

can be affected in case of a disaster. Fire departments can plan for rescues 

before a potentially dangerous event is at hand. During an exercise where a 

predetermined scenario takes place, the rescue crews may use the map to 

determine where to respond first to save human lives, the environment or 

property. They can also be used to evacuation routes to test the effectiveness 
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of these routes for saving large numbers of residents and tourists and moving 

special groups such as senior citizens, children and those with handicaps. The 

operations officer can be updated about the disaster situation and the need 

for and the location of sensitive areas. The vulnerability map can also include 

evacuation routes to test their effectiveness for saving lives.  

After the disaster the vulnerability map and a new map showing the extent of 

the damage, can assist in assessing how well the emergency was managed. 

During a post disaster review, the consequences of the disaster can be easily 

assessed with the help of field data. The evaluators can see if an accurate 

assessment of vulnerable areas was made and if they were adequately 

protected. It will also be apparent how effective the mitigation measures 

were.  

 

Planning the vulnerability map  

A group of experts that are familiar with the risks are normally set aside for 

creating a vulnerability map or maps. Working together in an 

interdisciplinary risk group, will aid one a comprehensive information about 

risks and vulnerable sites. By working with members of the group will 

increase their knowledge about hazards and the type and extent of disasters 

that can be expected. Risk groups are most effective when they include an 

assortment of experts at the municipal level. Information about the vulnerable 

area need to be gotten from various department or agency that will help fast-

tracking the process of producing the vulnerability map. The group preparing 

the vulnerability map needs to select those risks that are found in the area to 

be mapped and decide which risks will be addressed.  

Natural risks which can cause disasters include:  

• seismic activity  

• landslide / slope failure  

• avalanche  

• volcanic eruption  

• windstorm, cyclone, tornado, typhoon,  

• snowstorm  

• flood 

• excessive precipitation, flash floods  

• tsunami  
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• extreme frost, blizzard  

• extreme drought  

• wildfire  

Human-caused hazards or threats include:  

• industrial activities  

• commercial activities  

• traffic and transport on land, sea or air  

• sabotage  

• terrorist attack  

• arson  

 

Once the risks have been identified, it then now be evaluated to understand if 

it becomes an actual event. The scenarios will give the attribute information 

about the risk, the date, the day of the week, the time of day, the intensity of 

the event, the weather conditions, season etc. in order to determine an 

adequate picture of how the natural or human-caused event will take shape 

and what will be affected by its impact at the particular time and place that it 

occurs. A cyclone with a certain speed can hit a particular area with specified 

impact. A major flood might be severe enough to encroach upon developed 

areas. An industrial storage tank containing dangerous goods could be 

damaged by the rushing waters, causing chemicals to spill into the 

environment thereby causing industrial fire disaster.  

Whatever the scenario will be, it needs to be written with enough detailed to 

provide a precise information about the boundaries of the risk area. Risk 

zones should be estimated with the best available knowledge and techniques. 

With expert help, more accurate threat zones can be calculated for high tides, 

floods, tsunamis, landslides etc.  

The next stage is to determine the things, entity within the risk zones that will 

be considered vulnerable and therefore, will be mapped. Vulnerable sites are 

those where people live, work and visit. They can also be areas where farming, 

forestry, grazing or industry prevail. Or they can be sites that are difficult to 

replace or rebuild or which possess historical or cultural values.  

The baseline data collected for the vulnerability map should be the basis for 

decisions taken about where prevention and mitigation work needs to be 

accomplished. Here is an example checklist of objects that could be threatened 
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by a risk. The user can fill in the municipal or regional office that could take 

responsibility for locating the threatened objects to be mapped.  

The office responsible for determining what is vulnerable may vary 

depending on how the municipal offices are organised. Such offices can be an 

environmental protection office, technical office, planning office, health care 

services, education department, culture and recreation department, social 

services department, agricultural department, forestry department, fire and 

rescue service department or police station. (Victor. O, et al 2010) 

 

Geospatial analysis and model building 
Geospatial modeling is a process for analyzing happenings through a 
geographic filter in order to make statements of probability for event 
occurrence or emergence. Geospatial Models is a simplified representation of 
geographic reality with the aid of geospatial techniques 
Geospatial analysis offer contains the design and execution of one or more 
‘models’. In many instances pre-existing models or simple modifications of 
these are used. Such models may be provided within standard GIS packages, 
or they may be presented by third parties as add-ons, or they may have been 
particularly developed for specific applications, such as airborne pollution 
dispersal modeling, flood modeling, wildfire management or traffic 
forecasting. In other cases, are designed using a number of approaches and 
tool used to address particular problems. The building of such models follows 
the well-trodden procedure known as the “build-fit-criticize” cycle. This 
predicts the designer building a model on paper or computer or using a 
physical analogue and datasets. (Prince, M. 2012) 
In the areas of GIS, the term model has acquired a wide range of meanings. In 
a number of GIS packages, such as ArcGIS and Idrisi, model building refers 
specifically to the use of graphical tools to design and perform a series of 
geoprocessing tasks. This provides both a way of designing and 
communicating the workflow associated with a task and a means of 
implementing that workflow in a convenient manner. 
 

A simple ArcGIS example illustration below 

 

 
 

 

 

Figure 2.1 Modelling process 

INPUT 

 

PROCESS OUTPUT 
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This form of model can readily be developed in a number of ways. For 

example, in Figure 2.1 we have a single input, single output and single process. 

Many single geospatial processing operations require more than one input- 

for example, the overlay and intersect. 

With geospatial Model, one can build rules that predict where certain types of 

crimes are likely to occur. Looking at the increased expectation that decisions 

are based on data driven insights, we have developed GEM, a tool that brings 

clarity to today most challenging issues in Australia 

 

Classes of fire  

According to the Grant, (2012), classification of fire depends mainly upon the 

fuel involved. Based on this, fire is classified in five classes as follows;  

CLASS "A"- These are fires fueled by ordinary combustible materials, such as 

wood, cloth, paper, and many plastics. This type of fire burns with an ember, 

leaves an ash, and is best extinguished by removing the heat side of the 

triangle. Extinguishers suitable for Class "A" fires should be identified by a 

triangle containing the letter "A"; if color-coded, the triangle will be green. 

These fires should be extinguished by using a dry chemical extinguisher. 

Smothering/extinguishing consists of isolating the combustible elements and 

oxygen, or reducing their concentration within the environment. Dilution or 

elimination of combustible element consists of separating the combustible 

elements from the heat source or the environment of the fire. Control of 

flames or interruption of the chain reaction is a method that modifies the 

chemical reaction, altering the release of free radical products in the 

combustion and therefore delaying development (Asari & Umaru, 2015) 

 
Fig 2.2 Fire triangle (Source: Thomas, 1974)  
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CLASS "B"- These are fires fueled by flammable liquids, combustible liquids, 

petroleum greases, tars, oils, oil-based paints, solvents, lacquers, alcohols and 

flammable gases. This type of fire burns on the surface of the fuels, and is best 

extinguished by a blanketing or smothering action. A fire of this type is fast-

spreading and capable of engulfing a large area in a very short time. 

Extinguishers suitable for Class "B" fires should be identified by a square 

containing the letter "B". In the case of color coded. Either dry chemical or 

carbon dioxide extinguishers should be used to extinguish these type fires. 

Flammable liquids may re-ignite after being extinguished. Water should not 

be used for these kinds of fires.  

 

 
 

Fig 2.3 Steps for dealing with an outbreak of fire (Source: Shyamala, 1979)  

 

CLASS "C" - These fires occur in energized electrical equipment, where the 

electrical non-conductivity of the extinguishing media is of importance. 

Blanketing or smothering this type of fire with a non-conducting 

extinguishing agent is of prime importance. Water, or solutions containing 

water, is never to be used on a Class "C" fire. Extinguishers suitable for Class 

"C" fires should be identified by a circle containing the letter "C"; if color-

coded, the circle is blue. Either dry chemical or carbon dioxide extinguishers 

should be used to extinguish these types of fires. Water should not be used. 

Extinguishers suitable for more than one of the three classes of fire A, B and C 

defined above may be identified by multiple symbols (ABC).   

CLASS “D”– These fires involve combustible metals, such as magnesium, 

titanium, zirconium, sodium, lithium and potassium. Generally, the 

extinguishing agent is referred to as dry powder. These extinguishers should 

FIRE  
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be identified by a star containing the letter “D”, if color-coded, the star is 

yellow.   

CLASS “K”–These are fires in cooking appliances that involve combustible 

cooking media such as vegetable or animal oils and fats. The extinguishing 

agent is referred to as Wet Chemical. These extinguishers should be identified 

by the letter “K.” (Nicholas, 2012)  

 

Multiple-Criteria Decision Analysis (MCDA) 

Multiple-criteria decision-making (MCDM) or multiple-criteria decision 

analysis (MCDA) is a methodology or a technique that obviously evaluates and 

aid multi-faceted decisions and also evaluating the alternatives (whether in 

our daily lives or in professional settings). A lot in terms of research that 

demonstrates process to couple GIS with multi-criteria method which can 

adopt with MCDA for use in spatially continuous problems, increasing the 

accessibility of GIS-based MCDA provides new challenge for hope for 

researcher and practitioners including web-based participation and advanced 

visualization of decision processes. (Jose Figueira, et al. 2012) 

MCDM is concerned with structuring and solving decision and planning 

problems involving multiple criteria. The purpose is to support decision-

makers facing such problems. Typically, there does not exist a unique ideal 

solution for such problems and it is necessary to use decision-maker’s 

preferences to differentiate between solutions. (Thokala, P. 2016) 

The difficulty of the problem originates from the presence of more than one 

criterion. There is no longer a distinctive optimal solution to an MCDM 

problem that can be obtained without incorporating preference information. 

The concept of an optimal solution is often replaced by the set of no 

subjugated solutions. A no subjugated solution has the property that it is not 

possible to move away from it to any other solution without sacrificing in at 

least one criterion. Therefore, it makes sense for the decision-maker to choose 

a solution from the no dominated set. Otherwise, she/he could do better in 

terms of some or all of the criteria, and not do worse in any of them. Generally, 

however, the set of no dominated solutions is too large to be presented to the 

decision-maker for his final choice. Hence we need tools that help the 

decision-maker focus on his preferred solutions (or alternatives). Normally 
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one has to "interchange" certain criteria for others. (Gilberto M. & Alberto F. 

2012) 

There are different classifications of MCDM problems and methods. A major 

distinction between MCDM problems is based on whether the solutions are 

explicitly or implicitly defined. 

(i) Multiple-criteria evaluation problems: These problems consist 

of a finite number of alternatives, explicitly known in the 

beginning of the solution process. Each alternative is 

represented by its performance in multiple criteria. The 

problem may be defined as finding the best alternative for a 

decision-maker or finding a set of good alternatives. One may 

also be interested in "sorting" or "classifying" alternatives. 

Sorting refers to placing alternatives in a set of preference-

ordered classes (such as assigning credit-ratings to countries), 

and classifying refers to assigning alternatives to non-ordered 

sets (such as diagnosing patients based on their symptoms). 

(Thokala, 2016)  

(ii) Multiple-criteria design problems (multiple objective 

mathematical programming problems): In these problems, the 

alternatives are not explicitly known. An alternative (solution) 

can be found by solving a mathematical model. The number of 

alternatives is infinite and not countable (when some variables 

are continuous) or typically very large if countable (when all 

variables are discrete). 

 

Whether it is an evaluation problem or a design problem, preference 

information of decision-maker is required in order to differentiate between 

solutions. The solution methods for MCDM problems are commonly classified 

based on the timing of preference information obtained from the decision-

maker.  

There are processes that require the decision maker preference information 

at the start of the process, transforming the problem into essentially a single 

criterion problem. These methods are said to operate by prior articulation of 

preferences. Methods based on estimating a value function or using the 

concept of outranking relations, analytical hierarchy process, and some 
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decision rule-based methods try to solve multiple criteria evaluation 

problems utilizing prior articulation of preferences. Similarly, there are 

methods developed to solve multiple-criteria design problems using prior 

articulation of preferences by constructing a value function. Perhaps the most 

well-known of these methods is goal programming. Once the value function is 

constructed, the resulting single objective mathematical program is solved to 

obtain a preferred solution. (Montibeller & Alberto, 2012)  

 

Analytical Hierarchy Process (AHP) 

The Analytic Hierarchy Process (AHP) is a structured technique for organizing 

and analyzing complex decisions based on mathematics and psychology. It 

was developed by Thomas L. Saaty in the 1970s and has been extensively 

studied and refined since then. (Alexander, 2012) 

It has particular application in group decision making, and is used around the 

world in a wide variety of decision situations in fields such as government, 

business, industry, healthcare, GIS and education. (Hill, 2012) 

Rather than prescribing a "correct" decision, the AHP helps decision makers 

find one that best suits their goal and their understanding of the problem. It 

provides a comprehensive and rational framework for structuring a decision 

problem, for representing and quantifying its elements, for relating those 

elements to overall goals, and for evaluating alternative solutions. 

Users of the AHP first decompose their decision problem into a hierarchy of 

more easily comprehended sub-problems, each of which can be analyzed 

independently. The elements of the hierarchy can relate to any aspect of the 

decision problem tangible or intangible, carefully measured or roughly 

estimated, well or poorly understood anything at all that applies to the 

decision at hand (Rainer, 2012) 

Once the hierarchy is built, the decision makers systematically evaluate its 

various elements by comparing them to each other two at a time, with respect 

to their impact on an element above them in the hierarchy. In making the 

comparisons, the decision makers can use concrete data about the elements, 

but they typically use their judgments about the elements' relative meaning 

and importance. It is the essence of the AHP that human judgments, and not 

just the underlying information, can be used in performing the evaluations. 

https://en.wikipedia.org/wiki/MCDA
https://en.wikipedia.org/wiki/Mathematics
https://en.wikipedia.org/wiki/Psychology
https://en.wikipedia.org/wiki/Thomas_L._Saaty
https://en.wikipedia.org/wiki/Group_decision_making
https://en.wikipedia.org/wiki/Decision_making
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The AHP converts these evaluations to numerical values that can be processed 

and compared over the entire range of the problem. A numerical weight or 

priority is derived for each element of the hierarchy, allowing diverse and 

often incommensurable elements to be compared to one another in a rational 

and consistent way. This capability distinguishes the AHP from other decision 

making techniques. 

While it can be used by individuals working on straight forward decisions, the 

Analytic Hierarchy Process (AHP) is most useful where teams of people are 

working on complex problems, especially those with high stakes, involving 

human perceptions and judgments, whose resolutions have long-term 

repercussions. It has unique advantages when important elements of the 

decision are difficult to quantify or compare, or where communication among 

team members is impeded by their different specializations, terminologies, or 

perspectives. 

Using AHP involves the mathematical synthesis of numerous judgments about 

the decision problem at hand. It is not uncommon for these judgments to 

number in the dozens or even the hundreds. While the math can be done by 

hand or with a calculator, it is far more common to use one of several 

computerized methods for entering and synthesizing the judgments. The 

simplest of these involve standard spreadsheet software, while the most 

complex use custom software, often augmented by special devices for 

acquiring the judgments of decision makers gathered in a meeting room. 

(Alexander, 2012) 

The procedure for using the AHP is summarized below: 

1. Model the problem as a hierarchy containing the decision goal, the 

alternatives for reaching it, and the criteria for evaluating the 

alternatives. 

2. Establish priorities among the elements of the hierarchy by making a 

series of judgments based on pairwise comparisons of the elements. 

For example, when comparing potential purchases of commercial real 

estate, the investors might say they prefer location over price and price 

over timing. 

3. Synthesize these judgments to yield a set of overall priorities for the 

hierarchy. This would combine the investors' judgments about 
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location, price and timing for properties A, B, C, and D into overall 

priorities for each property. 

4. Check the consistency of the judgments. 

5. Come to a final decision based on the results of this process. 

Figure 2.4 Procedure for using the AHP (Saaty, 1970) 

 

Pairwise Comparison Method 

Pairwise comparison is any process of comparing entities, things in pairs to 

judge which of each is more preferred, or has a greater amount of some 

quantitative property, or whether or not the two entities are identical. The 

method of pairwise comparison is used in our all works of lives been it 

scientific, traditional, public, Health, Engineering, Surveying etc. 

Prominent psychometrician. L. Thurstone was the first man to introduce a 

scientific approach to using pairwise comparisons for measurement in 1927, 

He referred it as law of comparative judgment. Thurstone however was able 

to linked Ernst Hernrich, Weber and Gustav Fechner theory with 

psychophysical theory. PCM method can be used to order items along a 

dimension such as preference or importance using an interval-type scale. 

For an individual or organization expresses a preference between two 

mutually distinct alternatives, this preference can be expressed as a pairwise 

This are my 
alternatives

Here is my first and 
second criteria

This is my set goal Goal

Criterion1

Alternative1 Alternative2

Criterion2

Alternative3

https://en.wikipedia.org/wiki/Preference
https://en.wikipedia.org/wiki/Quantitative_property
https://en.wikipedia.org/wiki/Psychometrician
https://en.wikipedia.org/wiki/L._L._Thurstone
https://en.wikipedia.org/wiki/Law_of_comparative_judgment
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comparison. If the two alternatives are x and y, the following are the possible 

pairwise comparisons: 

The agent prefers x over y: "x > y" or "xPy" 

The agent prefers y over x: "y > x" or "yPx" 

The agent is indifferent between both alternatives: "x = y" or "xIy" (Ellram, 

1990) 

One important application of pairwise comparisons is the widely used 

Analytic Hierarchy Process, a structured technique for helping people deal 

with complex decisions. It uses pairwise comparisons of tangible and 

intangible factors to construct ratio scales that are useful in making important 

decisions. (Hill, 2012) 

 

Taro Yamane Formula 

Taro Yamane, Japanese Name; He is a famous statistician who has great 

contribution in developing sampling method and this Yamane sample size 

calculation is one of his achievement. Yamane is Applicable when working 

with a finite population and if the population size is known. 

Yamane is all about sample size, i.e. the theoretical aspects, formulas. 

Simplified formula for proportions (Yamane,1967) 

 𝑛 =
𝑁

1+𝑁×(𝑒)2   - - - - - (2.1) 

n - the sample size 

N –the population size 

e –the acceptable sampling error  

95% confidence level and p= 0.5 are assumed. 

Let’s assume that the population is 10000.At 5% Maximum of acceptable error 

the sample size will be  

 
10000

1+10000(0.52)
 - - - - - - (2.2) 

 

Taro Yamane formula was adopted in this research for population sampling 

because of its simplicity and the level of accuracy. It’s internationally accepted 

by several scientific researcher and academies all over the world. It fit in the 

nature of my research, the formula enables me to capture the specific number 

of questionnaires to be distributed within my study area. 

https://en.wikipedia.org/wiki/Analytic_Hierarchy_Process


 

SSAAR (JECM); Journal of                     September, 2020 

Environmental Design and Construction Management  

 

187 | P a g e  
 
 

Editions 

Weight Linear Combination Method 

The weighted linear combination (WLC) is a decision technique which is 

applied as a rule for deriving composite maps using GIS in most cases. WLC is 

popular among the decision technique for modelling in GIS. However, a lot of 

people have frequently used this method without fully understanding of the 

concept or how the technique work or the approach to be applied in using. A 

weighted linear combination is an analytical method that can be used when 

dealing with multi-attribute decision making (MADM) or when more than one 

attribute must be taken into consideration. Every attribute that is considered 

is called a criterion. Each criterion is assigned a weight based on its 

importance. The results are multi-attribute spatial features with final scores. 

The higher the score, the more suitable the area. A land suitability analysis is 

an example of a method using a weighted linear combination. 

For theoretical example (x, y) would be x y can be expressed from ax + by 

where a and b are combination. An example of how to use a weighted linear 

combination is as follows. Firstly, numeric ranges are assigned to a set of 

continuous criteria. Secondly, the numeric ranges are combined into a 

weighted average. Then the designer assigns weights directly to each attribute 

layer on the map. The total score for each option is calculated by multiplying 

the weight assigned to each attribute by the scaled value given for that 

attribute to the alternative and then summing the products over all attributes. 

The scores are calculated for all of the alternatives and the attribute with the 

highest score is chosen. This method can be used in any GIS system that has 

overlay capabilities, and allows the evaluation criterion map layers to be 

combined in order to determine the composite map layer which is the 

output.(Hill, 2012) 

 

Kaduna State Urban Development Board Standard 

Kaduna state urban development board (KSUDB) is an Agency under Kaduna 

state Ministry of Physical planning who are responsible of regulating and 

monitoring the physical planning and urban development that will provide an 

enabling environment for social economic activities through a dedicated 

workforce. They also in charge of issuing planning certificate document. 

Below are some of the KSUDB Standard in accordance to National regulatory 

benchmark; 

http://wiki.gis.com/wiki/index.php/Suitability_analysis
http://wiki.gis.com/wiki/index.php/GIS
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Building are located a minimum of forty ft. from road property boundaries to 

provide adequate are for maneuvering of vehicles in the service area. 

(Muhammed et’ al, 2014) 

Petro or filling Stations should be located at a Minimum of five hundred ft. 

from any public or private structures or institution such as schools, churches, 

public libraries, Auditorium, hospitals, public playground etc. which is one of 

the main factors this research work is considering in the multiple criterial 

decision Analysis. (DPR, 2007) 

The distance between two petrol filling stations is 400m on the same side of 

the road, 250m on the opposite side without road median 

 

Review of Related Literature 

People’s exposure to hazard of any kind is currently assessed in light of their 

vulnerability, so too is their resilience to deal with the effects it poses on them 

increasingly regarded as dependent upon what is termed their capacity 

(Birkmann, 2006). Social systems generate unequal exposure to risk by 

making some people more prone to disaster than others and these 

inequalities are largely a function of the power relations (class, age, gender; 

and ethnicity among others) operative in every society (Phillips., et al, 2011). 

Yuan et’al (2015) worked on conceptual framework for modelling 

vulnerability at the urban scale, the Climate Change Vulnerability Assessment 

model. The model is applied to Shanghai, a typical geographically vulnerable 

and rapidly-urbanizing case study area. Using Arc-GIS, a vulnerability map 

was created for understanding the spatial dynamics of climate change 

vulnerability in Shanghai. They applied additional process, the weighting 

coefficients was combined, produced different vulnerable areas. Based on the 

vulnerability map, they located several high risk areas. The vulnerability of 

each area was assessed, Identifying the risks in each case and associating them 

with a specific region which can be useful for decision makers. 

Francis. (2015) in his paper he worked on the possibility of a new 

methodology for the error analysis of two-dimensional fire spread 

simulations, from concurrent observations of actual fire spread. The research 

was able to provide construction of error bounds on model-based fire 

perimeter projections which delimit the area within which the actual fire 

perimeter will be found at the predicted time, with specified probability. 
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However due to the increase in the cases of fire outbreak, Ayuba and Medugu 

(2016) assessed the spastically distribution of fire stations in FCT and the 

level of vulnerability of various districts to fire hazards. A combination of 

Global Positioning System (GPS) and Geographical Information System (GIS) 

was used to identify the locations of fire stations and producing fire 

vulnerability map of the FCT. The result of this study shows that Fire stations 

were not evenly distributed within the district in the study area. They 

concluded that FCT fire stations should adopt a scientific approach in 

determining the appropriate location for fire stations in the FCT. (Ayuba & 

Medugu, 2016)     

In a bid to reduce the risk of fire outbreaks in the Ahmadu Bello University 

(A.B.U) Zaria, Asari (2015) assessed the risk and vulnerability of fire outbreak 

in A.B.U using a contribution of A H P, Questioner and Fire services assessment 

tool. He was able to do his assessment. He concluded that there were very little 

Fire safety provisions, management and awareness in the university’s main 

campus which eventually make the environmental habitat vulnerable. (Asari, 

2015)  

Iyaji et’al. (2016) Examine the fire hazards, destruction of property and loss 

of lives. It focused on fire spread and ways of curtailing it through design and 

construction management. The primary sources of data were made up of field 

surveys, use of questionnaires randomly administered to relevant 

professionals and stakeholders in housing provisions, while Secondary 

sources of data were used encompassing extracts from related literatures, 

journals, magazines and articles from the internet. They analysed data using 

discreet statistics and presented in tables and graphs. The results showed that 

fire occurrence could not be humanly stopped but the spread through 

material specifications, using fire rated doors and windows, 

compartmentalizing building spaces and treating them with materials 

resistant to fire, and avoiding fire fuels in housing environment. They 

concluded that through design and construction management the impact of 

fire disaster could be minimise. 

In order to ascertain the level of fire risk vulnerability in Ashriaman 

community in Ghana, Akwasi (2013) worked on the level of fire risk 

vulnerabilities within one Ashriaman community, using multiple research 

methods such as questionnaire, group discussions, the use of GPS and 
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analyzing the result using chi-square test. His research showed that illegal 

connection of electrical for domestic and commercial purposes are the major 

cause of fire incident in community. He concluded that regularization and on-

site redevelopment of the settlement are ways in curtailing the current 

situation of high rate of fire incident. 

 In an attempt to address the alarming rate of fire outbreak in Ghana, Amako 

(2014) sought to assess the management of domestic Fires in Kumasi 

Metropolis This was achieved by using purposively selected fire prone areas 

in Kumasi, a cross-sectional research design was adopted for the study. The 

data’s obtained were analyzed using quantitative tool like tables, cross 

tabulation, pie chart as well as quantitative techniques. The result revealed 

that the compliance with and knowledge on fire safety measures are low. He 

concluded that fire precautions (premises) regulations of Ghana 2003 on 

residential buildings should be implemented to compel house owners to 

comply.    

Ibrahim, (2012) in an attempt to discover the extend of risk on both social and 

environmental disasters, He worked on the mapping the vulnerability of 

community. The research methods adopted include literature review, web-

based resources and cases studies on vulnerability mapping in part of Africa. 

Based on the findings of the study, recommendation is addressed to 

communities, national authorities and ECOWAS on enabling anticipation and 

preparedness in Disaster Risk Reduction (DDR) and climate Adaptation (CCA) 

at the community level.  

Nicholas (2012) carried out a research on accessing the level of preparedness 

among building owners and occupants of Kisumu. The study also provides 

some recommendation on mitigation measures to improve fire safety in the 

building. This will fulfill the researchers’ objective raise awareness as to fire 

safety problem relation to commercial building. The methods adopt in this 

study are combination questioners, Interviews and observations. The most 

important is that adequate fire safety measures are not in place and therefore 

ought to be established. He concluded that most owners or managers and 

occupiers and local authorities are ill prepared to handle fire emergencies and 

that education of all stakeholders will play a vital role in improving fire safety.
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In Nigeria, attempts were made on fire disaster such as Ayuba and Medugu 

(2016) who worked on the assessment of the spatial distribution of fire 

station and the level of vulnerability of various districts to fire hazard in the 

Federal Capital Territory (FCT). Asari (2015) assessed the risk level and 

vulnerability of Ahmadu Bello University main campus (ABU) Zaria using 

Analytical Hierarchy Process Method (AHP) and structured questionnaire.  

Jatau (2013) carried out a study on fire disaster awareness in Ahmadu Bello 

University Main Campus, Samaru Zaria which aimed at assessing the level of 

awareness among members of Ahmadu Bello University, Main Campus 

Samaru Zaria. These researches lack geospatial approach and were not 

characterized by Multi-Criteria Decision Analysis (MCDA). 

Ayuba et. al (2016) attempt to assess fire Vulnerability in Federal Capital 

Territory, Abuja Nigeria. Their research however was lacking in the use of 

multiple criteria decision Analysis (MCDA) and Analytical Hierarchical 

process (AHP) Eguisi, 2012, also work on Fires are hazards worldwide 

particularly in developing countries like Nigeria. Ibrahim, (2012) worked on 

the mapping the vulnerability of community flooding. However, the few 

research made are still lacking of Geospatial applications, most researchers 

don’t apply MCDA and AHP and that is why this research on the vulnerability 

analysis is imperative to outline the common cause of fire outbreak, the most 

affected area and which among the factors post a dangerous threat within the 

study area using Geospatial method. 

 It is therefore necessary for a study that will adopt Multi-Criteria Decision 

Analysis (MCDA) to be carried out in order assess the areas vulnerable to fire 

disaster. This study is intended to develop a vulnerability map of fire 

vulnerable areas which will bridge the research gap to the above mention. 

 

METHODOLOGY 

Overview of Methodological Approach 

To examine the causes of domestic fire, questionnaires were designed and 

administered according to a predetermined sampling technique. Vulnerability 

model, was created by first proximity of buildings to fire stations, population 

density of the study area and Distance from heavy electrical industries to 

buildings. 
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Then using Saatys pairwise comparison matrix, weights were allocated to 

each layer. Finally, the layers were rated according to their degree of 

influence, combined together to form the required model. Figure 3.1 shows 

the general overview of the methodology and Figure 3.2 shows the running of 

the vulnerability model. 

 

 
Fig .3.1: Workflow Diagram 
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Figure 3.2: Vulnerability model workflow 

 

Data Types and Sources 

Both primary and secondary data were used for this work. These data include 

population, satellite imagery, GPS point, ArcMap 10.4 and Questionnaire. The 

data types and sources used in this research are summarized in Table 3.1 

 

Table 3.1: Materials and processing 

Data Type Sources 

 

Scale/Resolution Processing 

GPS point Primary Field work ±3 Identification of fire stations and 

hazardous buildings 

Quick bird 
imagery 

Secondary Google 

earth 

0.6m Extraction of roads, buildings 

Population 
data 

Secondary NPC N/A Conversion to population density 

Questionnaire Primary Field work N/A To analyses the causes, effects and 

the measures taken to address fire 

incident in the study area. 
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Hardware and Software 

Hardware and software for data collection and processing including the 

following: - 

 

Hardware 

-Handheld GPS (Garmin75x) 

-HP laptop with 4.00GM RAM and 250GB hard disk 

-HP Deskjet printer, photocopier 

-HP digital scanner 

 

Software include 

-ARCGIS 10.4 

-Microsoft office word 2016 

-Microsoft office Excel 2016 

 

Determine the Causes of Fire outbreak 

This objective was achieved using a purposive sampling technique in order to 

choose respondents who are relevant to the data needed and Questionnaire 

was administered. With the purposive sampling not everybody can give 

accurate information so the experts including the firefighters and safety 

officers of the various location were also purposely selected for in-depth 

interview. However, the interview also included the resident’s owner. 

Given the fact that the population consist of a number of distinct categories 

such as fire service experts, Residential owners, electrical and industrial 

workers etc. the map was categorized into strata. Each stratum was then 

sampled as an independent sub-population, out of which individual elements 

was purposely selected to establish the sample size. The structures were 

classified into classes A, B, C, and D. where A represent fire station; B 

represent petrol station and gas areas; C represent the distance from electrical 

structures to residential buildings; D represent areas that are densely 

populated. 

 

Sample Frame 

The sample size for this research work was restricted to the population of the 

study area where my study area is 1235,880 approximately by combining all 
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the districts (2006 projected population census). A number of models have 

been developed to estimate sample size. In determining the sample size that 

is adequate for this research work, the model developed by Taro Yamane 

(1967) was used. The formula is stated as follows: 

𝑛 =
𝑁

1+𝑁×(𝑒)2    - - - - - - -    - (3.1) 

 

Where; n – The desired sample size; 

 N – The population size under study; 

 e – The limit of tolerable error assumed to be 0.05;  

1 – Unity (always constant) in value 

𝑛 =
1235,880

1+1235880×(0.05)2    - -  - - - -  (3.2) 

Note: The population figure of 1235,880 was gotten from the National 

Population Census commission as the 2011 Projected population of AMAC. 

 

Therefore: n =
1235,880

1+1235,880 ×0.0025
   = 

1235,880

1+3,089.7
  = 399.87  - -   (3.3) 

 

The sample size derived from Taro Yamane’s formula for this study is 

approximately 399.9. However, For the purpose of questionnaire 

administration, 2000 copies of questionnaire were administered to 

respondents in the study area based on the stratified zones.  

 

Creation of Layers 

In order to develop the vulnerability model, four layers were created. The 

layers include, (1) proximity of building to filling stations, (2) proximity of 

buildings to fire stations, (3) population density of the study area and (4) 

Distance from heavy industries to structures. Kaduna state Urban 

Development Board (KSUDB) standard was used in buffering, both the filling 

and fire stations within the study areas (www.nfpa.org/codes-and-standard, 

2012) recognized by the town planners for the appropriate standard for 

Buffering such criteria’s. These Standard were converted into GIS layers 

extracted with the aid of the satellite imagery and G.P.S by buffering the 

extracted and clipping the image using ArcGIS 10.4 software application. The 

criteria in Consideration include as defined as follow: 
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Proximity of buildings and structures to filling station: 

 The proximity of building to filling stations should not be less than 150m 

(KSUDB). The closer the building is to the filling station the more vulnerable 

the buildings and degree of vulnerability decreases as one goes away from the 

filling stations. A multiple ring buffer of 150, 250, 350, and above 350m which 

was created around the filling stations. This was achieved using ArcGIS10.4 

by imputing the data gotten from the field work and the fire service 

department. The GIS environment will have displayed the total numbers of 

filling station and buildings, where the filling station was buffer to 150m 

above to map out the buildings that are vulnerable. Hence the idea of 100m 

interval was a personal assumption, 

 

Proximity of buildings to Fire Stations: 

The proximity of building to fire stations is also an important factor that 

determine the vulnerability of any region. Also according to KSUDB, 500m 

should be the minimum distance from a fire station to the area its serving and 

2km is the maximum distance. Therefore, any building farther away from 

500m is vulnerable to domestic fire. A multiple ring buffer of 500, 1500, 2500 

and >2500 was created around the fire stations. The further away the 

building from the fire station the more vulnerable it is to fire. 

 

Distance of buildings from electrical structures:  

Distance of building from electrical structures: Electrical structures can be a 

transmission tower or power tower, transformer both the building and 

electrical structures in the study areas were digitalized georeferenced using 

GIS techniques. This make it possible to know the distance between the 

electrical structures and the building. A multiple buffer of 40, 80, 120 and 

above 120 meter was carried out. Therefore, the closer a building to electrical 

structures, the more vulnerable the building/structure is to fire Hazard.  

 

Population density  

The population density map was created. The population map has its pixel 

values equivalent to the population of the study area while the area map was 

created with its pixel values equivalent to the population of the place. At the 

end the map with the pixel values equivalent to the area value of the study 
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area. Changing pixel values is done using the reclassify tool. Population 

density ranging from 3 persons per square meter to less than 12 people per 

square meter was considered as not vulnerable, while >12 < 24 was classified 

as low vulnerable. Population density of >24 and < 58 persons per square 

meter was classified as vulnerable whereas population density greater than 

or equal to 58 is classified as highly vulnerable. 

 Then the population density of the study area was calculated using the 

formula below; 

Population Density =  
𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛

𝐴𝑟𝑒𝑎
  (National Population,2012) - - 3.4 

 

Table 3:2 Area(ha) of each Districts of Abuja Municipal Area Council (Federal 

Capital Territory Administration, 2013) 

Name Area(ha) Population Density /ha 

Katampe 2565.87 7047000 3258 

Durumi 1319.76 497113 377 

 Mabushi 2599.75 301300 116 

Utako 604.999 16267 27 

 Gwarimpa 1990.65 139494 70 

CBD 979.859 131400 134 

Garki 1295.36 118668 92 

Maitama 1015.12 110134 108 

Asokoro 393.299 102134 260 

Wuse 1670.36 119134 71 

 

Table 3.3 shows the weighting and Rating parameters 

Parameter Weight Distance Rating 

Distance to Filling Station 0.62 150meter 

250 

350 

>350 

1 

2 

3 

4 

Distance to fire station 0.29 500 

1500 

2500 

>2500 

4 

3 

2 

1 
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Heavy electrical structure 0.03 40 

80 

120 

>120 

1 

2 

3 

4 

Population 0.06 >3<12 

>12<24 

>24<58 

≥58 

4 

3 

2 

1 

 

Since the weights were derived using human judgment, a consistency ratio 

was used to assess the consistency of weight assignment and is expressed as: 

 CR= 
𝐶𝐼

𝑅𝐼
         -       - - -- - -  - (3.5) 

CI=
λ𝑚𝑎𝑥−𝑛

𝑛−1
          - - - --   - - - (3.6) 

Where: CR = Consistency ratio; CI= Consistency index; RI= Random index; N 

= Number of parameters; and Nmax = Weighted matrix. (Vargas, 200) 

If CR ≤ 0.1 it is acceptable while if CR˃ 0.1 it is unacceptable. 

For Critical Index,  

CI= 
λ𝑚𝑎𝑥−𝑛

𝑛−1
, where λ𝑚𝑎𝑥= 4.18, and n= 4, 

CI= 
4.18−4

4−1
 

CI= 0.06. 

For n- 4, RI = 0.90 (Saaty,1970). 

And CR= 
𝐶𝐼

𝑅𝐼
 

Therefore, CR = 
0.06

0.90  
 = 0.06 

CR= 0.06, and the weighting decision is said to be consistent because CR <0.1 

 

Assessing Fire Vulnerability  

A fire vulnerability map (Fig.4.7) was prepared using factors responsible for 

fire outbreak in the study area. The parameters were extracted from satellite 

imagery, GPS points, Questionnaire, and population figures. The parameters 

were assigned a weight ranging from 0 (equal) to 1 (extreme) based on level 

of relative importance of the parameters. Analytical Hierarchy process (AHP) 

as developed by Saaty (1970) was used in assigning the weights. This was 
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achieved by using pairwise comparison method. The weights of the 

parameters are shown in Table 3.4 And it is found out that filling station has 

more influence followed by fire station, population density and road having 

the least value. The parameters were further rated from 1 to 4 scale, where 1 

represent high vulnerability and 4 represent not vulnerable. The definition of 

the rating is shown in Table 3.4 below.  

 

Table 3:4 Weights of the parameters 

PARAMETERS WEIGHTS INFLUENCE 

FILLING STATION 0.6163 61% 

FIRE STATION 0.2903 21% 

ELECTRICAL  0.0651 7% 

POPULATION DENSITY 0.0283 3% 

 

Table 3:5 Rating definitions 
Rating Definition Proximity of 

Building/structures to 

filling station: 

Proximity of Building 

to fire station:  

Distance of 

Building from 

electrical 

structures: 

Population 

Density 

1 Highly 

vulnerable 

When this distance 

is <150m from Filling 

station to buildings 

>2500m distance from 

Building/structures to 

fire station, 

40m,distance 

from Heavy 

electrical 

structures 

≥58 no of people in a 

single residential 

building/structure 

2 Vulnerable 250m,from 

Building/structures to 

filling station   

2500m,distance from 

Building/structures to 

fire station, 

80m, distance 

from Heavy 

electrical 

structures 

>24<58 58 no of people 

in a single residential 

building/structure 

3 Low 

Vulnerable 

350m,distance from 

Building/structures to 

filling station   

1500m distance from 

Building/structures to 

fire station, 

120m distance 

from Heavy 

electrical 

structures 

>12<24 no of people in a 

single residential 

building/structure 

4 Not 

vulnerable 

>350m,from Building to 

filling station   

500m,distance from, 

Building/structures to 

fire station, 

>120m distance 

from Heavy 

electrical 

structures 

>3 <12 no of people in a 

single residential 

building/structure 

The parameters were combined using a Weighted Linear Combination (WLC) 

method using raster calculator. The equation (3.6) for the vulnerability is 

expressed as (Green, et’al, 2011): 
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Fire Vulnerability= DIrDIw +DFrDFw+ DFSwDFSr+ PDrPDw    -  (3.7) 

 

Where: DE = Distance from Electrical structures; 

 DF= Distance from Filling Station; DFS= Distance from Fire Station; 

 PD= Population Density;  

r= rating;  

w= weight. 

The equation was derived from WLC method the formula was represented 

with my parameters however all representing the same meaning.  

This expression gave a fire vulnerability map of the study area. Areas and 

percentages was used in analysing the degree of vulnerability spatially. A 

spatial query was used to select areas under high vulnerable and very high 

vulnerable. This was converted to a layer in the GIS environment which was 

later combined with a population density map in order to analyze the 

domestic fire risk in the study area. The buildings and population at risk was 

extracted from the fire risk map and represented using charts. 

Since the weights of the parameters were derived using human judgments, 

some degree of inconsistency should be expected and tolerated. In order to 

know whether an inconsistency is acceptable or unacceptable, a consistency 

ratio was used to assess whether the weight assignment is consistent. CR= 

0.06, and the weighting decision is said to be consistent because CR <0.1 

 

PRESENTATION AND DISCUSSION OF RESULTS 

This chapter focuses on the result and interpretation of the data collected 

during the field work and survey. Simple descriptive statistics, tables, 

percentages, graphs, and charts were used for the data analysis. 

 

Determining causes of Domestic fire 

The sample size derived from Taro Yamane’s formula for this study is 

approximately 399.87. However, For the purpose of questionnaire 

administration, 2000 copies of questionnaire were administered to 

respondents in the study area based on the stratified zones. However, 1500 

copies of the questionnaire were returned as 450 were not returned and 50 

were invalid. Among the 1500 returned questionnaire atlases 1000 copies 

were duly answered, hence I work with the 1000 questionnaire. Eleven 
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experts on fire service and management was interviewed by me at the Federal 

Fire Service Abuja some of the questions that were asked such as; 1. How often 

do they organize fire safety workshops/campaigns? 2. Are fire service stations 

evenly distributed among the districts, 3. What is the emergency time 

response to any fire outbreaks within the districts, 4. What do you think is the 

major causes of domestic and fire outbreak and what expert advice can they 

give to curtail the high level of fire outbreak and fire hazard occurrence’s in 

Abuja metropolis etc. (see Appendix) 

The data in Table 4.1 revealed that 28% of the respondents were within the 

range of 20-30 years, while 45% of the respondents were within the ages of 

31-40 years, 14.1% were within the ages of 41-50, 14%of the respondents fall 

under the ages of 51-60 and 14% of the respondents ranges from 61 and 

below. This simply shows that the questionnaire was administered more to 

population ages of 31-40 years, which further shows that more of the people 

residing in the area fall within this age bracket. 

 

Table 4. 1: Age distribution of the respondents 

s/no Age/years Frequency (F) Percentage (%) 

1 20-30 300 30 

2 31-40 350 35 

3 41-50 110 11 

4 51-60 100 10 

5 61 and above 140 14 

Total  1000 100 

 

The data in Table 4.2 showed that 0.08% of the respondents acquire adult 

education, 10% of the respondents acquire primary education, while 30% of 

the respondents acquire secondary education, 48% of the respondents 

attended tertiary schools and 7% are illiterate or haven’t acquire any 

education. 

It further shows that 7% of the people are either working, schooling or engage 

businesses are illiterates, it then indicates that over 98% of the population are 

learned or have at least primary education with greater portion of the 

population with tertiary education. This is justifying the status of the study 

area being the Federal Capital Territory (FCT). 
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Table 4. 2: Educational background of the respondents 

s/no Educational status Frequency (F) Percentage (%) 

1 Adult education 80 0.08 

2 Primary education 100 10 

3 Secondary education 300 30 

4 Tertiary education 450 45 

5 None of the above 70 7 

Total  1000 100 

 

Table 4.3 below shows that 56.7% of the respondents have experience on 

domestic’s fire outbreak on the area, while 43.3% of the respondents have no 

experience with regard to fire outbreak. It’s also noted that most fire disaster 

on the study area is ignite by electricity mostly in residential buildings within 

the metropolis. Others were of the opinion that, most buildings affected by fire 

outbreak or accident is from the resident as a result of illegal storage of 

petroleum product, candle, the use of electric cooker and water heater to 

warm bathing water, orders include bush burning, and burning of refuge 

dump, cigarette stub and other causes are unknown to the correspondent.  

 

Table 4. 3: Experience on fire outbreak or incident on the study area 

S/N Option Frequency (F) Percentage (%) 

1 Yes 550 55 

2 No 450 45 

Total  1000 100 

 

Table 4.4 below shows that 30% of the respondents are of the opinion that the 

buildings are mostly private buildings, 11% of the respondents perceive the 

buildings to be public buildings and government quarters, 20% of the 

respondents view the buildings as clubs, hotels, restaurants and no gas station 

was recognized by the respondents within the campus, while 14% of the 

respondents indicate all the above structures to be presents within the 

campus. The result further reveals that most of the buildings within the city 

are private buildings, clubs, hotel and public building with high risk of fire 

disaster and management.  
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Table 4. 4: Nature of structures 

S/N Structures Frequency (F) Percentage 

(%) 

1 private building 300 30% 

2 Public buildings /Government 

Qtr. 

110 11 

3 Clubs, Hotels, Restaurants 200 20 

4 Gas station 140 14 

5 All the above 250 25 

Total  1000 100 

 

Table 4.5 shows the records of most common causes of fire outbreak in AMAC 
and Abuja. Looking at the frequency we discovered that most of the causes of 
domestic fire is unknown with the highest percentage of 33.3%, followed by 
Accident and Arson 13%, then followed by False call with 10.7%,then 
Electrical Sparks 10%,then Electrical Equipment 6.7%, High Voltage, illegal 
storage of petroleum product and Candles are all 4.7%,Cigarette stub/Bush 
fire is with 4%,both Gas/special services and Building collapse have 3.3% and 
finally cases under investigation is just 1.3%.Therefore, this result shows that 
there are more cases of unknown causes of domestic’s fire in AMAC. 
 

Table 4.5 Causes of Domestics Fire 
S/N Sources of ignition Frequency (F) Percentage (%) 

1 Electrical Equipment 100 10 

2 Candles 50 5 

3 High Voltage From PHCN 50 5 

4 Illegal Storage of Petroleum Product 50 5 

5 Cigarette stub/Bushfire 40 4 

6 Electrical Sparks 100 10 

7 Gas/Special Service 40 4 

8 Under investigation 30 3 

9 Unknown 250 25 

10 Accident/Arson 110 11 

11 Building Collapse 50 5 

12 False call 130 13 

Total  1000 100 

Source: Field work (Questionnaire, 2016) 
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Developing the vulnerability map 
There are five fire stations in AMAC. A multiple ring buffer of 500, 1500, 2500 and 
>2500 meters was created to categorized the buildings into four vulnerability 
classes as shown in Figure 4.1. The farther away a building from the fire station the 
more vulnerable it is to domestic fire. 
A population density map of the study area as shown in Figure 4.2 was created. 

Population density ranging from 3 persons per square meter to less than 12 people 

per square meter was considered as not vulnerable, while >12 <24 was classified as 

low vulnerable. Population density of >24 and < 58 persons per square meter was 

classified as vulnerable whereas population density greater than or equal to 58 is 

classified as highly vulnerable. 

The filling stations were buffered using the multiple ring buffer. A buffer distance of 
150, 250, 350m and >350 was created as shown in Figure 4.3. This shows that the 
closer a building to a filling station the more vulnerable it is to domestic fire. 
Electrical structures were also buffered using the multiple ring buffer tool. A buffer 
of 40, 80, 120m and >120m was created as shown in Figure 4.4. The closer away the 
electrical structure to the building the more vulnerable it is to domestic fire 
outbreak. This is based on the research finding and assumption. 

 
Figure 4.1: Map of Fire Service Stations  
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Figure4.2: population Density map 
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Figure 4.3: Multiple ring buffer around filling station 
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Figure 4.4: Multiple Ring Buffer on Heavy Electrical Structures 



 

SSAAR (JECM); Journal of                     September, 2020 

Environmental Design and Construction Management  

 

208 | P a g e  
 
 

Editions 

Assessment of Fire Vulnerability 

In order to assess the vulnerability of building to fire in the study area, a 

weight of the parameters was derived using Pairwise comparison method. 

This weighting and rating is shown in Table 3.3 

The parameters were combined using the raster calculator in order to create 

an index fire vulnerability model of the study area. Vulnerability of buildings 

to domestic fire using multi-criteria decision analysis is presented in Figure 

4.6. The colour saturation represent the degree of vulnerability whereby light 

colour shows the highly vulnerable areas and dark colour shows the less 

vulnerable areas. The saturation of the colour increases as the degree of 

vulnerability decreases 

From figure 4.6, the map showed that Katampe some part of Gwarimpa are 

the highly vulnerable districts, while Maitama, Gwarimpa, Wuse and some 

part of Mabushi are the vulnerable areas. CBD, Durumi, and Asokoro are less 

vulnerable districts. Finally, large part of Durumi, some part of Asokoro and 

CBD are also not vulnerable to fire outbreak. 

 

 
Figure 4.5: Degree of domestic fire vulnerability and the interpretation. 

 

Therefore, because the district is as such vulnerable, it was observed that 

there are 5,520 buildings in AMAC and 1,311 representing 23.75% are highly 

vulnerable and are found around katampe, Gwarimpa, Utako. The vulnerable 

areas are found around Garki, Maitama and Mabushi, the low vulnerable 

buildings are found around Durumi, Asokoro, CBD and little part of Durumi 
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while 457 buildings representing 8.27% are found to be not vulnerable in 

some parts of Asokoro, Durumi and CBD 

 
Figure 4.6: Vulnerability of model (overlay map) 

 

SUMMARY, CONCLUSION AND RECOMMENDATION 

This chapter presents the summary of findings, conclusions and 

recommendations for the study.  

 

Summary of Major Findings  
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The first objective of this study was to examine the causes of fire (both 

industrial and domestic) fire incident in the study area through questionnaire, 

interview, records, attribute data etc. the information gotten from this 

objective guided in generate the survey input which was used in generating 

the four criteria (proximity of filling state to residential, fire station, 

population density) for the geospatial model. 

The second objective of study was to generate layers needed for domestic fire 

vulnerability. Using Multiple criterial decision Analysis (MCDA) after data 

analysis and interpretation revealed that four major criterial was needed for 

generating layers for vulnerability mapping. They are proximity of filling 

station to residential buildings, the distances from fire station to buildings, 

highly populated area and distance from transformers and industry to 

buildings as well. The criteria were rated using weighted linear combination 

matrix formula. However, it showed that Filling station has more influence. 

The third objective of the study was to map fire vulnerability within the study 

area. The parameters were assigned a weight ranging from 0 (equal) to 1 

(extreme) based on level of relative importance of the parameter. It was done 

by WLC to weight the four criteria using pairwise comparison method. The 

results show that proximity of residential to filling stations are very highly 

vulnerable, the distance of fire stations to residential building are very 

vulnerable, Distance from heavy electrical structures to buildings are said to 

be vulnerable and the population size of the area is low vulnerable. 

 

Conclusion 

This study examined the fire vulnerability within Abuja municipal Area 

Council (AMAC) using overlay technique by applying different criteria such 

as; Fire Stations location, Filling Station Proximity to Residential building, the 

proximity of heavy electrical structures to residential buildings, and 

population density. 

 In Objective one, the research was able to examine the causes of frequent fire 

outbreak within the study area such as Arson, electricity sparks, buildings too 

close to filling station, inadequate fire stations, non-compliance to the 

masterplan etc. through administering questionnaire to fire experts, 

residential owner and users, collecting data from the fire department. 

Then data analysis and interpretation, the study revealed that AMAC is 
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currently served by seven fire stations located in and around the study area. 

An analysis using GIS technique in the vulnerability map shows that these fire 

stations are not evenly distributed among districts.  

Objective two data was generated needed for vulnerability mapping, the 

parameters; population density, filling stations, fire service and electrical 

structures were combined using the raster calculator in order to create an 

index fire vulnerability model of the study area. Data needed for the 

vulnerability mapping was generated.  

The third objective generate and showed the highly vulnerable area among 

the study area, a weight of the parameters was derived using Pair wise 

comparison method, it was then run after rating according to their weight of 

the parameter. The result showed that katampe and some part of Gwarimpa 

are most highly vulnerable districts. 

 The final Objective develop fire vulnerability model by overlay the other 

criteria in the ArcGIS 10.4 combing the rating and running the model. The 

colour saturation represent the degree of vulnerability whereby light color 

shows the highly vulnerable areas and dark color shows the less vulnerable 

areas. The saturation of the color increases as the degree of vulnerability 

decreases. The map showed that Katampe some part of Gwarimpa are the 

highly vulnerable districts, while Maitama, Gwarimpa,Wuse and some part of 

Mabushi are the medially vulnerable areas. CBD Durumi, and Asokoro are less 

vulnerable districts finally, large part of Durumi, some part of Asokoro and 

CBD are also not vulnerable to fire Hazard or outbreak. 

 

Recommendations 

This research study tends to examine the causes of fire outbreak and assess 

the level of vulnerability in Abuja Municipal Area Council (AMAC). Following 

the analysis of the data collected from the relevant authority, participants, the 

following recommendations were made; 

(i. There is need for the urban planner and fire service regulatory bodies 

to monitor, regulate and enforce the standard distance between 

residential building and filling Stations within the FCT  

(ii. (ii. Fire safety measures should be enhanced through fire safety 
programs, such as emergency procedures/evacuation drills, regular 
fire safety inspection, maintenance and servicing of fire equipment, 
trainees and staff training, information to occupants of buildings, 
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keeping records and emergency. Finally, they should as a matter of 
urgent set of a committee to look into the unknown courses of the 
numerous fire incidents that took place at AMAC. 

 
Suggested areas for further research  
The following suggestions were made as potential areas in fire Hazard, 
Domestic fire vulnerability mapping alike that will warrant further research 
by other scholar; 

I. Other researchers should work on domestic fire using fuzzy overlay in 
vulnerability assessment  

II. Further research also needs to be done on domestic fire vulnerability 
in other parts of Abuja area council (especially the satellite town) 
using other parameter in addition to the parameter used in this 
research.  

III. Further research should also be extended to cover fire preparedness 
and mitigation in residential buildings since that is where most fires 
occur. A research should be carried out to develop an end user 
interface for fire vulnerability assessment. 

 
Contribution to knowledge 

1. In this research a GIS base MCDA was used for fire vulnerability 
assessment. It is hope that the methodology used in this research will 
add to the existing literature on fire vulnerability mapping especially 
within Nigeria. 

2. this research has make it easier to further develop fire vulnerability 
user interface in predicting future occurrence within the study area.  

3. The research has been able to identify the spatial distribution of fire 
station, filling stations within AMAC, however it can also serve as a 
database for Further research on Vulnerability mapping in the same 
study area. 
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APPENDICES 
APPENDIX I: QUESTIONNAIRE 

DEPARTMENT OF GEOMATICS 
FACULTY OF ENVIRONMENTAL DESIGN 
AHMADU BELLO UNIVERSITY, ZARIA 
Dear Respondent 
I am an M. Sc. student in the Department of Geomatics, Ahmadu Bello University, Zaria; carrying 
out a research on The Development of Geospatial Model for Domestic Fire Vulnerability Mapping 
in Abuja. All answers supplied to these questions will be treated confidentially and will be strictly 
used for academic purposes only.  
I sincerely solicit your maximum cooperation.  
(Please tick the appropriate option as applicable) 
SECTION A: Bio-Data 
1. Age (a) 20-30 (  ) (b) 31-40 (   ) (c) 41-50 (  ) (d) 51 and above (   ) 
2. Sex (a) Male ( ) (b) Female ( ) 
3. Occupation (a) Civil servant  (   ) (b) Employed by private org. (   ) (c) Self employed (   )  
 (d) others, specify…………… 
4. How long have you worked ? (a) 1-10 yrs (   ) (b) 11-20 yrs (   ) (c) 21-30 yrs (   ) (d) >30 yrs 
(  ) 
5. Highest level of Education (a) Primary (  ) (b) Secondary (  ) (c) Tertiary (  ) (d) others, 
specify……… 
6. Any orientation/training on fire procedures (a) Yes ( ) (b) No ( ) 
7. Have you experienced any fire incident in the last three years? (a) Yes (b) No 
SECTION B: Nature and Functions of Structures likely to be affected by domestic fire outbreaks. 

✓ I. Nature of Structures 

✓   (tick the one(s) that best describe your Structure) 
1.   Residential buildings {  }   2. Workshops {  }    3. Commercial buildings {   }   4. Gas Stations { }  
     5. Farms {   }   6. Others, specify……………………………………………………… 
7. How prone is this facility susceptible to fire outbreak? (a)No risk (   ) (b) low risk (   ) (c) High 
risk (   ) 
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8. What is the minimum distance between adjacent structures? (a) <5 Meters (  ) (b) 5-10 Meters(  
)  
(c) 10-15 (  ) (d) >15 (  ) 
II. Function(s) 
(Tick the one(s) that most appropriately describe the usage of the structure) 
1.  Administrative {    }    2. Hotel    {    } 3. Workshop       {    }     
4. Educational   {    }    5. Recreational {    }   7. Residential {    } 
8.Commercial {    }     
9. Others, {    } 
SECTION C: Fire Safety Awareness and Preparedness 

1. Tick 1, 2, 3…. as appropriate KEY TO ADEQUACY: 
 1-Adequate; 2-Partially Adequate;  
 3-Inadequate; 4-Indeference 

Installations Estimated Qty Functionality Adequacy 
Fire Extinguishers    
Fire buckets    
Fire alarm system    
Fire blanket     
Fire hydrants    

Operation of the No. 1. above 
Key: 1: YES 2: NO.  3: INDIFFERENCE 

7. Can you operate any available fire control installation?    
8. Is there an emergency exit in your facility?    
9. Is the location of the emergency exit known?    
10. Are you frequently drilled on Fire safety?     
11. Is there a well located muster point?    
12. Are Fire safety awareness workshops / campaigns organized regularly?     
13. Are the Media (Print/Electronic/Social) outlets adequately used in  

Community sensitization on the dangers of fire outbreaks? 
   

14. Is The Area-Council-Fire-Service measuring up to expectation?    
15 
16. 
17. 

Are fire service stations evenly distributed among your district 
What did you think is the major causes of Domestic fire in your district?      
What do you think could be done to stop fires from breaking out in your area or 
at least, reduce the rate of occurrence to the barest minimum? 

   

 APENDIX II: An industrial Building   APENDIX II: Fire incident  
with fire extinguisher   somewhere around Wuse 

  
Fire extinguishers fitted on the wall of a commercial building   


