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Abstract: Fire incidents are a problem of major importance for cities, as they affect
the lives of a large population and produce significant material damages. Assessing
the temporal and spatial distribution of fires is an important stage in order to
efficiently manage this issue. Using a comprehensive database for a five year period,
the present study tries to identify certain patterns and specificities by analyzing the
occurrence of urban fires, grouped by their main causes and damages, at different
time scale and integrating the information from street level to urban district and,
finally, at city level.
The spatial distribution of the number of fires follows the center-periphery model,
overlapping the neighborhoods with multiple functions (residential, administrative
and cultural). The industrial area also concentrates a bigger number of fires, these
brownfields being used by homeless population which make use of garbage as fire
material. Applying the location quotient was an opportunity to highlight cross-scale
the concentration of fires and revealed that the neighborhoods located at the
periphery are more vulnerable to fires. The results can be used for further, more
comprehensive studies of urban fire risk assessment and can also became the basis
for (re)configuring the emergency services, in particular, and urban planning, in
general.

Introduction
Fire incidents represent a topic of major interest as they are a significant threat
to life and property, causing injuries and deaths, psychological and economic
damage, important destruction upon both natural and build environment (“Bulletin
World Fire Statistic” 2014, Yao & Zang, 2016). Scholars show a great interest in
analyzing fire incidents and their related issues, the vast majority of papers
focusing on forest fire (Stephens et al., 2016; Keenan, 2015; Ganteaume et al.,
2013), but at least a similar attention should be paid to urban fires occurrence.
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However, in the past years a significant number of works focused on urban
fire risk have emerged, especially seeking to highlight the effects of socioeconomic
factors on fire incidents (Jennings, 1999; Clark et al., 2015). Despite the relatively
new scientific diffuseness of this topic, the temporal and spatial patterns of fire
incidents have not been taken into account for studies at larger scales, in order to
really reach - and be taken into account by - the local and regional authorities.
At urban scale, it is very important to assess the location and frequency of fire
incidents in order to identify vulnerable groups, so that authorities might take the
proper measures to reduce the number of casualties and the material loss. The
analysis of the location and dynamics of fire incidents is, in this respect, the first
step in revealing the main patterns and trends of urban fire occurrence (Chhetri et
al., 2010, Corcoran, 2011).
In Romania, fire incidents represent a major risk that has to be taken into
account at least at the seme level as other threats such as earthquakes or car
accidents (Merciu et al., 2018, Benedek et al., 2016) . Between 2011 and 2015, an
average number of 32,094 fires/year was recorded, involving an average annual
number of 364 deaths and 593 non-fatal casualties (CTIF, 2017). According to the
General Inspectorate for Emergency Situations (IGSU, 2016), in 2016 the average
number of fires per day nationwide was 76, while 3084 people, of which 255
children were saved during fire-fighting interventions.
Between 2012 and 2016, in Iaşi County, 4302 interventions were registered,
out of which 45.72 % were fire incidents. The Municipality of Iaşi recorded 35.28
% of all fires; the number of casualties is lower compared to county levels.
According to the daily newsletters of the fire department, in a five year period in
Iaşi 8 deaths and 24 injured were registered, while in the county there were 30
deaths and 55 injured. As far as the value of the damages is concerned, quantitative
data are not available, but there were many households that were damaged or
destroyed and, in several cases, families have been left homeless in the past years.
Using the information provided by the firefighting department, the present
paper evaluates, in a temporal and spatial manner, the concentration of fire
occurrences inside the built-up area of Iasi Municipality in order to highlight the
patterns and trends at the urban neighborhood/district level. The results of such an
analysis can be used by policy makers for spatial targeting and prioritizing of
preventive measures. Therefore, the main objectives of this paper are to establish
whether there are certain patterns in the temporal and spatial distribution of the
interventions and also to observe if there is a relationship between the location of
different urban functional areas, the types of buildings or land use, and the
incidence of fires.
1. Theoretical Background
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Fires represent a significant threat to life and property, but they are not totally
unpredictable or unavoidable. They are a rather complex issue, with temporal
dynamics that are difficult to explain and a spatial distribution that is neither
uniform nor random. Instead there are systematic variations in the nature and
severity of fires in the space of urbanized areas (Jennings, 1999).
These variations are represented by linked economic, demographic and social
characteristics of the residential areas. A significant number of studies found a
relation between family structure and the rate of residential fires; also, it was
established that there is a link between poverty, overcrowding, living under normal
standards and a high risk of fires (Schaenman et al., 1997, Fahy & Miller, 1989,
Southwick & Butler, 1985).
More comprehensively, (Nicopoulos et al., 1997) examined the relationship
between the incidence of fires and the number of inhabitants, their age, ethnicity,
school dropout rate, income, unemployment rate, type and age of the dwelling etc.
Other scholars also considered socio-economic factors such as
poverty/deprivation, lack of education, ethnicity, overcrowding and the age of
people and housing tenure (Corcoran et al., 2011).
In addition, a previous research that took place in the USA concluded that the
areas with a large number of disadvantaged residents were more vulnerable to
residential fires and has drawn attention to the impact of household factors such as
family structure (FEMA, 1997).
Chhetri et al. examined the residential fires in Queensland; using the
regression analysis, they linked the socio-economic disadvantages with the
incidence of fires and discovered that five characteristics were associated with a
greater risk of fire: unemployment, indigenous population, single parent families,
and low proportion of families living in individual dwellings (Chhetri et al. 2010).
Fires in urban areas account for the vast majority of interventions involving
fire departments and have the biggest collective impact on operational costs,
property destruction and loss of life. The patterns created by the incidence of fires
in urban areas is a research topic of great interest (Jennings, 2013; Corcoran et al.,
2007; Asgary et al., 2010), with specialty literature offering several examples of
studies in this direction.
In one of the most comprehensive papers in the field, Asgary et al. applied
spatial, temporal and spatio-temporal techniques in order to illustrate how the
patterns of structural fires in the city of Toronto vary during the day, the week and
the month. For the temporal analysis they represented the data by hours, days,
months and years, and for the spatial analysis they used methods like grid counting,
kernel density estimator and average nearest neighbor distance. For the spatiotemporal analysis they used animated maps, isosurfaces and the co-map technique.
The authors classified the fires in six different types (improper use, electrical or
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mechanical failure, vandalism, deficiencies in design, construction and
maintenance, arson and children playing with fire) and created maps to illustrate
the spatial intensity of the phenomenon using the kernel density estimator; they
also mapped the events by taking into account the moment of the day (morning,
noon, evening, night) and the month of the year. The results of this analysis
concluded that there are significant differences regarding the incidents of fires in
time. Moreover, the authors underlined the fact that the use of these methods can
help the decision makers to propose preventive measures where are most needed
and can also improve the allocation of resources in case of emergency (Asgary et
al., 2010).
Consequently, other studies take into consideration the fire incidents that
occurred in a certain area as one of the factors taken into account for localization
optimization of urban fire stations (Yao et al., 2019).
Moreover, other researchers have used parametric analysis or complex
computing models in order to assess or simulate urban fire spread in densely built
urban areas (Li & Davidson, 2013, Himoto & Tanaka, 2008, Thomas et al., 2006).
Another method that offers information regarding the concentration of fires
and the distribution pattern is the use of location quotient calculated for each type
of fire. This coefficient determines the extent to which interventions are
concentrated in each neighborhood or grid cell, by reference to the number of total
interventions in the analyzed territory (Vasiliauskas & Beconytė, 2015).
Beside the studies presented previously, which use various spatial approaches,
there are also methods imported from other specialization fields. The location
quotient, frequently used in economic studies, is a suitable indicator to highlight
the extent to which incidents are concentrated in each neighborhood or grid cell, by
reference to the number of total interventions in the analyzed territory
(Vasiliauskas & Beconytė, 2015).
In the context of a growing awareness of urban fires management, the studies
of spatial and temporal dimensions of fire risk are becoming more and more
important and acknowledgeable, which makes the necessity for research in this
field even more prominent, also in countries like Romania, that do not have many
scientific approaches of this issue.
2. Methodology
2.1 Study area. The area of study is represented by the Municipality of Iasi.
Located in the North-East Region of Romania, Iasi is the second largest city in the
country, with a population of approximatively 357.000 inhabitants. The largest
majority of the population lives in multifamily residential buildings (74,3%) (midrise, high-rise and dormitory) where approximately 260.000 inhabitants live in
2673 buildings or 95.000 units (apartments mostly). The rest of 25.7 % of the
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population live in single family, detached or attached houses (Roșu and Blăgeanu,
2015). This type of housing is located on the outskirts of the city, with major
differences between newly built districts (South-East and South) and districts with
a mix of newly built houses and old houses (Northern and North-Western side of
the city). A considerable number of individual dwellings are relatively old (more
than 80 years), especially in the core urban area, while most of collective
apartments are built in the past 60 years. Even so, there is a considerable number of
inhabitants (43.000) living in buildings with an existing seismic risk (Banica et al.
2017).
During the past fifty years, few major hallmarks have shaped the present loose
aspect of the city. The communism and post-communist periods influenced the
urban morphology of the city the most. As a consequence of these influences, a
large majority of residents are located in the western districts of the city (collective
housing build for supplying the industrialized district), where the higher density of
the population also increased the urban fire risk, raising new challenges to the fire
and rescue services. The remaining districts have a heterogeneous functionality,
with a rather chaotic distribution of different types of buildings. Evaluating the fire
risk is even more problematic when taking into consideration the emergent districts
from the outskirts of the city. The urban evolution of the city in the past 20 years
highlights a major suburban sprawl with a major lack in infrastructural planning
(Tsenkova & Nedović-Budić, 2006). The chaotic development of the newly built
districts at the outskirts together with the lack of planning regulation conduced to a
difficult comprehension of the territory.
On the other hand, Iasi is a changing city, with a large share of the IT&C
sector, with a growing number of multinational companies sustained by a large
academic community, showing diversity in terms of economic and functional
evolution of the city.
The present study takes into account fire incidents that occurred in the built-up
area of Iași Municipality between 2012 and 2016.
2.2 Database
The database was configured using the information extracted from daily
newsletters of the fire department, which was organized in a framework containing
information about the fire incidents such as the date and time of the intervention,
actions taken at the scene, the type of fire, the material damages and the number of
victims. The database consists of 694 firefighting interventions that took place in
Iaşi City over a period of 5 years, from January 2012 until December 2016. At first,
the incidents were analyzed without spatial localization, but, afterwards, the
information about the address was useful to complete this process. Using the
Google Earth software, every intervention was located at the address mentioned in
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the newsletters. There were some difficulties to locate the interventions where the
address given was incomplete, given the fact that the number of the street was
missing. In this case the solution was to place these incidents by taking into
account the centroid of the street.
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Figure 1 - Total number of firefighting interventions and the most important causes of
ignition in Iasi (2012 - 2016)

The distribution of firefighting interventions varies from one year to another,
but the differences are rather small. The noticeable gap was registered in 2016,
which could suggest an under-registration of events, since for the rest of the period
there are close values of the annual number of incidents. This difference can occur
because not all the newsletters from 2016 were published on the fire department
website. Figure 1 shows that the main cause of fire is variable from one year to
another. The constant element for the whole analyzed period is the fact that
electrical malfunctions, open fire and smoking remain the main causes of ignition
in all the years and these exceed in number any other cause.
2.3 Temporal and spatial distribution assessment
Methodologically, the basic exploratory analysis of the present study was
undertaken in two stages. First, a temporal assessment was accomplished by taking
into account the frequencies of the fire incidents in Iași at different time scales.
Secondly, the spatial distribution of fire occurrences was analyzed at neighborhood
level in order to find the hotspots and the general patterns of their localization
throughout the five years of observation. Finally, the purpose was to observe the
temporal and spatial variations in the concentration of fire incidents. Determining
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locations and time intervals can generate solutions allowing for a decrease in the
number of interventions in the following years.
The temporal analysis took into consideration the distribution of fire events in
each of the five years, in each month of the year, on each day of the week and in
intervals of three hours for each day. The graphic illustration for each temporal
scale was useful in order to highlight differences and draw conclusion on the
moment when fires predominantly occur in Iași city.
The spatial analysis made use of the location quotient index which was chosen
because of its suitability for the envisaged assessment of fire occurrence.
The location quotient is an index used for comparing the importance of a
phenomenon’s share with the general phenomenon over a certain area. “The
location quotient quantifies how concentrated a particular industry, cluster,
occupation or demographic group is in a region compared to the nation. It can
reveal what makes a particular region unique in comparison to the national
average” (Sentz, 2018). In our case it was calculated for each type of fire and the
main causes of fire at the neighborhood level compared to city level, and shows in
which of the neighborhoods a type or a cause of fire is concentrated. The formula
applied is:
𝑒𝑖
𝐸𝑖
𝑒
𝐿𝑄𝑖 = (
)/( 𝐸 )
𝑝𝑜𝑝 𝑖
𝑝𝑜𝑝
where, ei – the number of fires of that type in the neighborhood
e – total number of fires in the neighborhood
popi – the number of inhabitants in the neighborhood
Ei – the number of fires of that type in the city
E – total number of fires in the city
pop – the number of inhabitants in the city;
Interpretation of LQ results:
●
If LQ > 1 – in those neighborhoods that type of fire is more frequent
compared to the values that is registered at city level
●
If LQ = 1 – there is no difference between the neighborhood and the city
●
If LQ < 1 – in those neighborhoods that type of fire is less frequent
compared to the city
First, the data at street level were summed up by neighborhood/city district.
Then the method was used in order to show the degree of concentration of the
phenomenon in each neighborhood compared to the occurrences at city level. The
calculations and mapping of the results were done using the ArcGIS 10.4 software.
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3. Results and findings
3.1. Overview of the fire incidence in Iasi Municipality. In the analyzed
period of 5 years, 694 fires were registered in Iasi City, the most frequent being the
residential fires (28,55%), vegetation fires (16.37%), garbage containers and waste
storage facilities fires (12.31%) and vehicle fires (9.13%).
The main causes of the fires registered are electrical malfunctions, open fire,
smoking and unsupervised cooking machines. As far as the actual damage is
concerned, only few of them were considered destructive from an economic point
of view. In terms of human loss and injured people, there were 8 deaths caused by
the fires. In 24 cases, the intervention of emergency medical assistance was
necessary.
4.2 Temporal analysis. The aim of the temporal analysis is to observe
whether there is a link between the number of fires and their occurrence in a certain
year, month, day of the week or hour of the day.
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Figure 2 - Monthly distribution of the total number of fires

The temporal distribution of the total number of fires by month of the year
shows a great concentration in the late summer and in the autumn with a peak in
September. In the last months of the year, the number of fire incidents decreases,
the lowest values being registered in December. Although there are more heating
devices functioning which increases the risk of fire incidents, the cold season is
characterized by low values in the number of fires. In February the number of
incidents is similar to December, while in January there were more fires. From
March until May the number of fires decreases, while from May until September
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there is a constant increase. In Figure 2 one can assess whether the values are
constant over the years or one single year influences the entire situation. For
example, the value registered in September is clearly influenced by the value
registered in 2012. This situation can be explained by the fact that in 2012 the
Eastern side of Romania was affected by a very serious draught, which contributed
to vegetation fires. Another explanation resides in the fact that in August and
September a large share of people is on vacation, which means that the households
are less strictly monitored, compared to the rest of the year. November is one of the
months that registered constant values of the number of fires in all the years. The
majority of the months have values that vary from one year to another, which
shows the unpredictable character of fire events.
The daily distribution of the number of fires by cause of ignition does not vary
too much, but it is noticeable that the number of fires from the weekend is nearly
equal to the number of fires that occurred from Monday to Friday. This is also
acknowledgeable in the case of fires causes by smoking or open fire. The fires
caused by electrical malfunctions tend to concentrate mainly in weekdays, which
can be explained by an overuse of the power grid and household appliances.
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Figure 3 - The daily distribution of the number of fires by cause of ignition

If the daily distribution is not very variable, the hourly distribution (Figure 4)
shows a different pattern from one hour interval to another. We decided to split the
day in 8 intervals of 3 hours each, for a better visualization of the data. The graph
shows a clear difference between day and night, as the majority of firefighting
interventions took place during the day.
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The number of interventions increases from 9 am and reaches a peak in the
interval 12-3 pm. After 3 pm, the number of interventions slowly decreases, but
still in the interval 9-11.59 pm the values registered are rather high. During the
night the number of interventions is decreasing until the hour interval 6-9 am,
which registers the fewest interventions. Some years contributed more than others
to the number of fires registered in the time intervals, but the differences aren’t that
significant. Even so, there are 2 time intervals that seem to exhibit a different
pattern than the rest, in the sense that the number of firefighting interventions
decreased since 2012: 09-12 am and 9-23.59 pm. The interval 12-3 pm registers
different values every year, but with the exception of 2016 the values are similar. A
comparable situation repeats itself for the intervals 3-6 PM and 6-9 pm, another
link between these 3 being the fact the year of 2013 contributes less than the others,
but this situation is consistent with the total number of fires registered in 2013 (the
lowest number of fires, except 2016).
The time interval that registers the majority of fires corresponds to the time of
the day when the dwellings are less supervised due to the fact that the majority of
people are at work, which increases the possibility for an incident to occur. Most of
the fires registered in this time interval are generated by electrical malfunctions,
smoking and outdoor open fire; except for the fires generated by electrical faults,
the rest of the fires that occur are related to acts of negligence of the population.
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Figure 4 - The hourly distribution of the total number of fires by year

Patterns of urban fire occurence in Iasi City (Romania)

97

3.3 Spatial analysis. The spatial distribution of the number of fires per district
follows a visible pattern across the city. On the map below (Figure 5) one can
acknowledge that the axis NNW-SSE concentrates the districts with the highest
number of fires and the Eastern and Western parts of the city are characterized by
smaller number of fires. This distribution appears to be connected to the main types
of buildings of each district. A larger number of fires tend to concentrate in the
neighborhoods with multiple functions (administrative, cultural and residential)
and in the industrial area, the causes being more diverse in this situation. There are
also a few locations in the areas of collective dwellings that concentrate many fires
and in comparison with the axis NNW-SSE, but these areas have lower values if
we take into account the ratio between the number of fires and a number of 1000
inhabitants, because the density of the population is higher compared to other
districts. In this case, the uniformity of built-up area of the district restrains the
causes of ignition. The districts of the city with individual dwellings have higher
densities of fires compared to those described before, as one would expect, because
a bigger number of fires occurred in an area with a lower population density.

Figure 5 - The spatial distribution of fire incidents in Iaşi Municipality (2012 - 2016)
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The industrial area stands out through a big number of fires at the district level
and also a high number of fires/ 1000 inhabitants, a situation which appears not
only because of the lower total number of resident population, but also because of
the presence of brownfields, many of the buildings losing their function and being
abandoned. These buildings in ruins became a perfect place for the homeless
population that uses garbage as fire material. This situation is frequent and has
been often the cause of significant fire event. The number of fires per district offers
a general idea on fire risk for each neighborhood, but the density of the fires is
even more relevant for assessing the exposure of population.
Figure 6 illustrates a typology of the districts regarding the main type of fire
that took place in an area. Some of the districts appear to be dominated by a single
type of fire; others represent a combination of at least 2 main types. The majority
of the fires in the city are residential and, in some districts, they are followed by
other types, such as vegetation and dumpster fires.
The industrial area is a mosaic of different types of fires. In the Northern and
Southern part of the city, where mostly individual dwellings dominate the
landscape, the main types of fires are vegetation fires, whereas the East is mainly
threatened by dumpster fires. Also, at the periphery, more types of fires occur in
addition to residential ones.

Figure 6 - Types of fire in Iaşi Municipality at district level
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The location quotient for residential fires shows a concentration in the districts
located in the Eastern and North-Western part that is almost double compared to
the rest of the city. These areas are dominated by individual housing, which can
explain such high values of the location quotient through the fact that the number
of residential fires is higher than it is in other districts and the population exposed
is lower than the neighborhoods with collective housing.

Figure 7 - Spatial distribution of the location quotient at district level in Iaşi Municipality

High values of this indicator, for both residential and vegetation fires, are
recorded in neighborhoods with a peripheral location, which have vegetation areas
that are neglected and without specific planning; in addition, these districts have
individual dwellings. Also, the high values are explained by the small number of
inhabitants. Peripheries are areas of transition between urban and rural,
characterized by limited access to utility networks, new buildings that are not
permanently monitored, isolated from the rest of the city due to an incomplete or
non-existent street network; the lack of access routes along with the low degree of
supervision make these buildings more prone to fire and the access of the
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intervention crews is difficult. On the other hand, other peripheral areas are known
as slums, which are characterized by very poor populations that do not have the
financial means needed to buy building materials and improvise with materials that
are often flammable and contribute to the spread of fires. This category of
population improvises in the cold season heating appliances that do more harm
than good. The periphery also has spaces with spontaneous vegetation, which
during the summer drought dries intensely, favoring the occurrence of fires and
spreading over larger spaces propagating to neighboring buildings.
Discussions and Conclusion
The outcomes of this preliminary assessment of fire incidents occurrence in
Iasi Municipality reveal some important features of their distribution at different
temporal and spatial scales.
The temporal analysis of the fire incidents showed that even if there is no
pattern in distribution to maintain over the years, there are several constant
occurrences. The hourly and monthly distributions have similar structures and
revealed that fires are dependent on factors such as seasonality, the intensity of
domestic activities, or the presence or absence of people from dwellings. The
spatial distribution of fires indicated that the density of population has a great
influence, the cartographic results revealing that the densely populated districts
registered a higher number of fires.
Both spatial and temporal analysis pointed out that the patterns depend on a
multitude of factors from technological to environmental and from sociodemographic to economic. In the case of collective dwelling districts, the presence
of a ‘guardian’ (someone who stays at home during the day or a device that alerts
the population) contributes to a higher prevention rate. In case of a fire, the
‘guardian’ helps limit the damages. In the neighborhoods with a population at risk
of social exclusion, the occurrence of fires is higher. That can happen because of
different behavioral issues. For example, habits such as smoking or alcohol
consumption annihilate the role of the ‘guardian’ and transform it in a perpetrator.
Poverty also leads to poorly equipped dwellings or improvised construction
materials.
The spatial analysis showed certain hot-spots where the number of fire
occurences is higher, and these areas are located mainly on the periphery. In these
districts, the ‚guardian’ is missing because of a low population density, so the
impact of a fire is much higher.
This analysis used simple instruments in order to observe some similarities in
the distribution of fire incidents and is a first step for a more detailed analysis of
the fire risk. A future study should take into account the vulnerability patterns
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(social, economic, infrastructural vulnerability), which would give a better insight
on the causality of fire incidents and their distribution in Iași city.
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