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ABSTRACT

MEASUREMENT AND EVALUATION OF FIRE SERVICE
ACCESSIBILITY BY USING GiS: A CASE STUDY ON CANKAYA
DISTRICT, ANKARA

Ertugay, Kivang
M.S. Department of Geodetic and Geographic Information Technologies
Supervisor: Assoc. Prof. Dr. Oguz Isik

Co-supervisor: Prof. Dr. Ali Tarel

May 2003, 134 pages

Human being has always been in a continual struggle with fire, which is an
undeniable reality of life. It is a sudden and unexpected event and can
occur anywhere, any time and at any scale causing irreversible damages
to human life and property. Fire is a fact of life, but it is always possible to
decrease the effects of fires by fire preparedness. Preparedness can be
defined as a preparatory phase, including activities and precautions in
order to be ready for emergency response and recovery and it is absolute
that time is one of the most vital and important component of fire
preparedness. In fire case, time can mean the difference between loosing
a life or saving a life or loosing a room or loosing the whole houses of a
street. When time is considered, accessibility concept takes its place in fire
preparedness realm. Measuring fire service accessibility and
understanding the ability of response units for a quick response gives a
way for taking precautions in fire preparedness. By such an approach this
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thesis aims to measure and evaluate the accessibility of the fire units in
Cankaya district and to find out the critical areas that have low
accessibility by using GIS.

KEYWORDS: Accessibility, Fire Service Accessibility, Fire Preparedness,
Geographical Information Systems (GIS).
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ITFAIYE ERISEBILIRLIGININ CBS KULLANARAK OLCME ve
DEGERLENDIRILMESI : ANKARA, GANKAYA ILCESi ALAN
GALISMASI

Ertugay, Kivang
Yiksek Lisans, Jeodezi ve Cografi Bilgi Teknolojileri B&IGm
Tez Yéneticisi: Dog. Dr. Oduz Isik
Tez Danigsmani: Prof. Dr. Ali TGrel

Mayis 2003, 134 Sayfa

insanoglu, hayatin kaginilmaz bir gercedi olan yangin olgusuyla her
zaman slregelen bir micadele iginde olmustur. Yangin ani ve
beklenmedik bir afettir ve énlem alinmadig: taktirde her an ve her &lgekte
yaganabilir ve blyuk zararlar verir. Yangin yasamin bir gercegidir fakat su
unutulmamalidir Ki; yangina hazirlikli olarak bu zararlari asgaride tutmak
mimkanddr. Yangina hazirlikiilik, yangin ¢iktigi zaman eh kisa sUrede ve
en az zararla séndurdimesini amaglayan faaliyet ve énlemler bUtuntna
icerir ve zaman, yangina hazirlikh olmanin en hayati bilesenlerinden
biridir. Zaman, yangin sirecinde, bir hayati kurtarmayi yada onlarcasini
kaybetmeyi, bir evi kurtarmayr yada tim soka@ kaybetmeyi belirler.
Zaman boyutu dugtnildugunde erigebilirlik olgusunun yangin hazirliklilig
icindeki roli ve dnemi yadsinamaz bir gergek olarak ortaya cikmaktadir.
itfaiye erigebilirliginin élclimesi ve itfaiye birimlerinin kritik streler icinde
nerelere midahale edebileceklerinin saptanmasi, bu bdlgeler icin
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6ncesinden &nlemler alinabilmesini saglar. Bu anlamda, vyapilan
caligmada Cankaya ilgesi itfaiye erigebilirli§inin cogdrafi bilgi teknolojileri
yardimiyla 8lctimesi ve sonuclarinin degerlendirilerek yangina midahale
suresi agisindan soruniu alanlarin tespit edilmesi ve tedbirler énerilmesi
amaglanmigtir.

Anahtar Kelimeler: Erisebilirlik, itfaiye Erigebilirligi, Yangina Hazirhkhlik,
Cografi Bilgi Sistemleri (CBS).

vi



To My Family...

vii



ACKNOWLEDGMENTS

| would like to gratefully thank to my supervisor Assoc. Prof. Dr. Oguz Isik
for his great guidance, encouragement and support throughout the
bringing out of this thesis. This research would not have been possible
without his assistance. | would also like to thank to my co-supervisor Prof.
Dr. Ali Tarel for his great guidance and orientation during my research of
accessibility.

| would like to thank all my lecturers from Geodesy and Geographical
Information Technologies Department, Assoc. Prof. Dr. Nurtnnisa Usul,
Assoc. Prof. Dr. Vedat Toprak, Assist. Prof. Dr. Zuhal Akylrek, Assist.
Prof. Dr. Sebnem Duzgun, Assist. Prof. Dr. Mustafa Tiarker for their
endless support and patience. It was an excellent learning period and
academic experience for me to be with them.

Special thanks to Ankara Metropolitart Municipality Office of Water and
Infrastructure and Ankara Metropolitan Municipality Office of Information

Systems for their data provision.

Special thanks to Chiefs of the Iskitler, Head office of Ankara Fire
Department. Fire-fighters Mustafa Irmak and Nevzat Kaleli for sharing me
their fire response experiences which was very necessary for study about
fire service accessibility. They were interesting and exciting interviews for
me with several fire alarms.

viii



Special thanks to my dear friends Adem Tunca, Ceren Ercoskun, Ozge
Yalginer And Taner San for their endless motivation and moral support
during this study. it is luck for me to be with them.

Final thanks go to my family members, my mother Nihal Ertugay, my
father Huseyin Ertuday, my sister Kivilcim Ertuay and my sweet
grandmother Samiye Yildizatay for their endless encouragement and
support from the beginning.

ix



TABLE OF CONTENTS

ABSTRACT ...ttt e et e e a e r e e e sde et e e e e e e e eeeas iii
O Z ettt ettt et e s v
ACKNOWLEDGMENTS ... viii
TABLE OF CONTENTS. ...t X
LISTOF FIGURES ...t xiii
LISTOF TABLES. ...ttt ee e xvii
LIST OF ABBREVIATIONS ..., Xix
CHAPTER
T.INTRODUCTION ...ttt 1
2. DESCRIPTION OF THE ACCESSIBILITY CONCEPT ..o, 6
2.1.Definitions of accessibility..............c.cccoooimiviiiiiiiriiee, ST 6
2.2.The Need for Accessibility ANalyses ..........ccocoeeeeeeiinieeeiiiiiiiieieieeeen.. 8
2.3.Components of AcCesSIbIlity...........cccviveeeiieciiiiiiiee e, 10
2.3.1.Activity Element ... 11
2.3.2.Transportation element............c.ccoooiviciiiiiiic e 12
2.3.3. ZONBS......cce ettt e ettt ea e 13
2.4 Accessibility Measures...............coove e 13
2.4.1.S5IMPle MEASUIES .......ccocuiiiiiieieieieieieeeeciree s ee e e e e e e e seeesaeaeasesseaeas 14
2.4.2.Curhulative Opportunity measures..........cccccceeeeeeveeevveeeeeennnnnee. 15
2.4.3.Gravity based measures..........ccccceeeeeiiiiiiiiiieeecceeereee e 16
2.5.Measuring Techniques of Accessibility using GIS........................... 17
2.5.1.Zone basedtechnique..............cccceeeeiiiiiiiiiieeece e, 17
2.5.2.1sochronal teChniqUE.............ceeiceviiiiiiie e eeee e, 24
2.5.3.The raster based technique.............ccoooevceriiiiriinniiieeeeean, .28
2.6.The importance of GIS in accessibility studies............cccceeeeeenee... 35
2.7.Evaluation of the Chapter............ et n e et e e en et 39



3. FIREPREPAREDNESS ... .. e 42

3.1.Fire Management ... e 43
3.1.1.Definition of Fire Management.............ccooiiiiiiiii, 43
3.1.2.Phasesinfire management ...............c.ccccooiiiiiiiiiiireiiiiieeee e, 44

3121 Prevention...........oooie i e 45
3.1.2.2.PreparednessS. .......coooveeeeeieeee et 47
3.1.2.3. RESPOMSE ...ttt ettt e e e e e re e aanas 50
3124 REO0VEIY ..ottt ettt a e e aer e 51

3.2.Interrelation Between Fire Service Accessibility and Fire
Preparedness...... ..o 52
3.2.1 The Importance of Measuring Fire Service Accessibility in Fire
Preparedness ... ..ot r e e e eeeeareee e e g 52
3.2.2.Critical fire response time thresholds for evaluation of fire
SErvice acCeSSIDIILY ......oveeeeie e 53
3.2.3.The standards in fire response time...............ccccccceeieiiiieennen, 55
3.2.4.Precautions that can be taken according to the resuits of fire

service accessibility in fire preparedness..........coevvecvviceeviiiiieeeeeens 56

4. CASE STUDY: MEASURING FIRE SERVICE ACCESSIBILITY IN
CANKAYA DISTRICT OF ANKARA ...t 58
4.1.Description of the study area.................cocociiiiiiiiiiei e, 58
4.1.1. Why Cankaya District as case study area?................ccccoceunee. 62

4.2. Ankara Metropolitan Municipality of Fire Department.................... 63
4.3.Case Study Flowehart ... 67
4.4 Data Collection and the Basic Steps in the Study ......................... 68
4.4.1. Data Collection: The General Spatial and Non-Spatial Raw
Data Contents inthe Study .........cccooviiiiiiiiicee e 69
4.4.2 Data CONVEISION.........ccooiiiiiiiiairieireceinennnnnrerseseesereaceseeessseenes 70

4.4 3 Registration and Digitizing ..........coooeiieieee e 71

4.4 4. Editing and Building the Database..............ccoocvvvevieiiciineenenn. 76
4.4 4 1.Reclassification of Roads According to Their Types...... 77

4.4.4.2 Adapting Main Restrictions to Transportation Database 79
4.4.4.2.1. Adapting one-way restrictions to the database ....... 80
4.4.42 2 Adapting turn restrictions to the database .............. 82

xi



4443. Establishing Average Speeds According To Road
Classifications.........ccccccooi i 86
4.4 4 4 Calculation of cost values as transportation network

impedance Values..............covuiieeiiee e a0

5. THE RESULTS: MAPPING ACCESSIBILITY .....ccoeeeninn ferreeareeaans 93
5.1. Accessibility Analyses with No Consideration of Fire
Responsibility ZONES. ..ottt 94

5.2. Accessibility Analyses with Consideration of Fire Responsibility
Yo 1= TR 107

B. CONCLUSIONS ... .o et e et e e e e e e e e e 122
REFERENGCES ...ttt eee e e e e e e e e e 130

xii



LIST OF FIGURES

FIGURE
2.1: The zone based representation of shopping accessibility by auto in
Dallas/Fort Worth area as a simple measure.................cccccceeeuuneen... 18
2.2. Traveling time less than 30 minutes selection among the retail
employments as activity element in Dallas/Fort Worth area.............. 19
2.3. The zone based representation of shopping accessibility by auto in
Dallas/Fort Worth area as a cumulative opportunity measure .......... 20
2.4: The zone based representation of shopping accessibility by auto in
Dallas/Fort Worth area as a gravity measure...............cccoveeeeiinnenn. 22
2.5: The isochronal representation of accessibility................cccceoeinnn. 25
2.6: The isochronal representation of 10 minutes accessibility of hospitals
asasimple Measure...............oooovcieeiiiccieeeee e 26
2.7: The isochronal representation of cumulative number of education
services within 10 minutes accessibility to hospitals by pedestrian as a
cumulative opportunity Measure............ccooeeeeieeeiin e 26
2.8: The isochronal representation of 5 kilometers accessibility from
asthma clinics as a simplemeasure ........ccccccoevveeeiiiiieeeee e 27
2.9: IP, IC, national and regional road network of Portugal in raster
ENVIFONMENT ... i it e e e e e eette e e s e nenreeeeeeseecaeen e annes 30
2.10: The raster based representation of accessibility to the municipality
town starting from the city centroids as a simple measure................ 33
2.11. The raster based representation of accessibility to Lisbon as a
SIMPIE MEASUIE ... e ———— 34
2.12: Representation of accessibility without GIS from public transport
stations to urban facilities of hotels, banks, and cinemas in Trabzon 37
2.13: Representation of fire service accessibility without GIS in Ankara in



2.14: Representation of bird-flight fire response time and distances without
considering the transportation network and without geographical

g1 C=T €= T (Lo o TR 38
3.1:Time-temperature curve of fire in confined spaces.............cccccceeee..... 54
4.1: Study area, Cankaya district of Ankara...............c.....ccie 59
4.2: Quarters of Cankaya district.............cccccociiii 60
4.3: Landuse in Cankaya District ..........ccccoo i, 61
4.4: Fire Brigades of AnKara ...........cccoevivimiiiiiii e 64
4.5: Fire Responsibility Zones in Ankara............ccccoevveviveeeeeeeeeeiieiianennnnn, 65
4.6: Fire Responsibility Zones in Cankaya District................cccoovvveneeen.. 66
4.7: Case study flowChart............cccciiiiiii e, 67
4.8. Transportation Network data_1 after mif to shape conversion (all

o T Lo 1= USSP 71
4.9. Two Ankara transportation maps in paper format............................. 72

4.10: Imagewarp 2.0 extension of Arcview 3.1 software in registration
PrOCESS ... ieeeeiiuiuutetiteaaaariaraaeeseannnaercnassaeetanaessansnssnnassasanaasaaasass . 73'
4.11: The distribution of reference points on raster maps for registration
PrOCESS ..ttt e e etteeeeae e e e e e eeaeaeee e ae s e raaeaennaaaeeaeeeerraaanaas 74
4.12: Raster Ankara transportation maps after registration process........ 75
4.13: Digitization process by Arcmap 8.1 and the use of Arc Toolbox

software for rebuilding polyline topology.........cccocvvivvieerieeieeeee. 76
4.14. The newly added “type” field and its records in transportation
network_1database ..., 78
4.15: The Query of Road Types after Final Classification........................ 79

4.16: The newly added “oneway” field and its records in Transportation
network_1 database ..., 82
4.17: Newly created tumntable database file to set turn restrictions on
separated state roads..........c.coo oo 84
418. The built-in script, used to produce “record_id” “from_node”
“to_node” information for the turntable............c..ccccciiiiiiiinnn 85
4.19: The built-in script used to declare the turntable to network database

Xiv



4.20: Transportation network data_2 of Ankara Metropolitan Municipality
Office of Information Systems.............oooiiiiiiiiii i 87
4.21: The new database file, created to supply the connection between the
transportation data_1 and the average speeds on main roads......... 88
4.22: The database of the main transportation network after the creation of
speed fields “speed_ht’, “speed_nt" and “speed_It"......................... g0
4.23: Calculation of the cost values in seconds in Arcview field calculator

4.24: The final cost values of “seconds_ht", “seconds_nt" and “seconds_lIt”

in the main transportation network database.................ccccceeveeennnn. 92
5.1: Fire service accessibility in heavy traffic conditions......................... 95
5.2: Fire service accessibility in normal traffic conditions......................... 96
5.3: Fire service accessibility in light traffic conditions .................cc.......... g7

5.4: Fire service accessibility for normal traffic conditions in polygon format

5.5: Critical quarters in respect of fire responsé in Cankaya district....... 100
5.6: Critical landuse types in respect of fire response in Cankaya district

........................................................................................................ 102
5.7: Buildings in critical @reas.............cc.ccceeiiivieeeiieeeeeeeeeeeee e 103
5.8: Security, health and educational services in critical areas.............. 105
5.9: Educational services in critical areas ..........ccccccovveveevveeeiiverieeeeeee, 106
5.10: Health centers in critical @areas............ccccccceeiiiiiviiiccic e, 106
5.11: Security servicesincritical areas...........cccooveeeiiiiiieee 107
5.12: Fire service accessibility of Head office fire brigade ..................... 108
5.13: Fire service accessibility of Kurtulus fire brigade ......................... 109
5.14: Fire service accessibility of Esat fire brigade .............cccovvrvreenne. 110
5.15: Fire service accessibility of Gdlbasi fire brigade........................... 111

5.16: Fire service accessibility of Head office, Esat and Gélbagi fire
brigades within 10 minutes ................oovecceenen, ereereeren—————— 114
5.17: Fire service accessibility of Kurtulug, Esat and Gélbasg! fire brigade
within 10 minutes......... ettt et e et e eeaeteaaareettearaeteennnnaaeaeaaaaaenn 115
5.18: Inaccessible areas because of current fire responsibility zones.... 116
5.19: Inaccessible districts because of current fire responsibility zones 117

XV



5.20: Inaccessible buildings

5.21: Inaccessible landuse types because of current fire responsibility

5.22: Inaccessible health, education and security services because of
current fire responsibility zones ..., 121



4.8:

4.9:

5.1:

5.2;
5.3:
54;

LIST OF TABLES

TABLE
2.1: Classification of roads according to theirtypes...........ccccevveveeeeee. 30
2.2: Impedance results according to cell crossing time............ rereeeeeeeanes 31
3.1: Phases of fire management according to the time of performed
ACHIONS ...ttt e e e ee e e e e eabe s ean e eas 44
4.1: Total area of landuse types in Cankaya district....................eccee el 62
4.2: Raw Data About The Study.........ccooooviiiiiiii e, 69
4.3: Records of the “type” field in the transportation network database ... 77
4.4. Oneway restrictions on main streets based on “Ankara Governership
- Traffic Commision of Administrative Province” on 31.01.2003.......... 80
4.5: Records of the “oneway” field in the transportation network database
.......................................................................................................... 81
4.6: Turn restrictions on separated state roads..............cccooeevveciniiinnnnns 83
4.7. Average speeds on normal traffic conditions based on the study of

Ankara Metropolitan Municipality Office of Information Systems ...... 88
Average speeds based on an interview with iskitler fire brigade drivers

Final accepted average speeds based on fire driver experiences and
the study of Ankara Metropolitan Municipality Office of Information

SYSIBMS ... .ot e e e e arenaaan 89
Total accessed area by fire brigades in Cankaya district under
different traffic conditions................oriiiiiiiir 99
Total area of critical landuse typés in Cankaya district ................... 101
Number of buildings in critical areas .............co.oevvvveeveenievniniveeenenn. 104

Total accessed area by fire brigades in normal traffic conditions by
considering fire responsibility zones in Gankaya district ................. 113

xvii



5.5. Total area of inaccessible landuse types because of current fire

responsibility ZONeS ..........ccccoveeeeveicciniicaiaees eeeeiaeeeee e ———————————— 120

xviii



LIST OF ABBREVIATIONS

ESRI: Environmental Sciences Research Institute
JPG: Joint Photographics Experts Group

GIS: Geographical Information Systems

DBF: Database File Format

HTTP: Hypertext Transfer Protocol

NFPA: National Fire Protection Association
NFRTS: National Fire Response Time Standard
WWW: World Wide Web

XLS: Excel File Format

UWDMC: University of Wisconsin Disaster Management Center
UTM: The Universal Transverse Mercator

XiX



CHAPTERI

INTRODUCTION

Human being has always been in a continual struggle with fire, which is an
undeniable reality of life. As it is a sudden and unexpected event, it can
occur anywhere, any time and at any scale causing irreversible damages
to human life and property. Each year, hundreds of fires involve multiple
civilian deaths around the world. On an annual base, these fires account
for an estimated thousands of civilian deaths, thousands of civilian injuries,
and millions of dollars in fire loss (U.S. Fire Administration Topical Fire
Research Series, 2001). Fire, which is the most frequent one among all
disasters, is a fact of life, but it is always possible to decrease the effects
of fires by fire preparedness (Yalazi, 1998).

Fire preparedness, which basically reflects an organization’s readiness to
respond to an emergency in a coordinated, timely and effective manner,
is a must for cities to reduce fire casualties of human life, environment and
property loss and it is absolute that time is one of the most vital
component of fire preparedness (Heritage Collections Council, 2000). A
few seconds of delay by fire response units may mean a lot of loss of

lives, health and money in fire fact.

When time is considered, accessibility concept takes its paramount place
in fire preparedness reality. Accessibility refers to how easy it is to get to a
site and can be measured in terms of travel time and distance. As a fire

service provider, you can find out if fire services can reach most of the



community within a few minutes and identify critical areas that are out of
service range. For example, a fire brigade may not be able to access 5000
people or 5 districts or 4 hospitals or school within 15 minutes or so drive
(ESRI, 1997). Examining accessibility can.help us to identify critical areas
in the city based on fire response time and to determine the extent to
which a city is ready for a fire incident.

Measuring and evaluating fire service accessibility can help decision
makers, who are local authorities including civil defence, fire service
providers, department of planning, to test the current fire service response
performance, to identify critical areas that have low or no accessibility, and
to find out solutions in order to improve the response to these critical
areas (Badri et al., 1996). That is why fire service accessibility is a vital
concept in fire preparedness and has a leading role in reducing casualties.

With the development of science and technology, many new concepts and
ideas have came out and are supported by new scientific and
technological successes (Xin et al, 2000). The use of GIS as a decision
support system in fire environment has grown rapidly in recent years as an
outcome of this development. Many fire departments throughout the world
have investigated and applied geographical information system technology
to improve their operations at the strategic, tactical, and landscape levels
(Englefield et al., 2000; Howard, 1997). Using GIS in fire preparedness
can considerably contribute to decision makers, responsible for planning,
with the ability to visualize, organize and manipulate large volumes of
spatially referenced data, and understand geographical patterns and
trends that would otherwise be difficult to comprehend (Peters and Hall,
1999).

In the light of the above-mentioned facts; the aim of this thesis is to
measure and evaluate the fire service accessibility in Cankaya district of
Ankara in order to determine the accessibility of places, based on fire
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response time, and to find out the efficiency and the effectiveness of the
fire services in the present condition by using GIS. The study tries to find
out the answer to the following questions to be able to take necessary
precautions for fire preparedness;

¢ Which part of the district could not be accessed by fire units within
critical time thresholds?

¢ Which critical urban services (education, health etc.) are found in

these critical areas?

The results provide good support for decision makers to answer the
question “To what extent the accessibility results could be used as a
baseline in fire preparedness to take precautions and reduce the probable
losses?”. The results can also work as a part of a decision support system,
and help local authorities to make pre-queries for nearby places of the
incident area, and can provide a basis for an interactive route finding
system that will allow fire services to assess, compare and select routes
through urban areas by small database improvements. For example the
questions of “How many km's or minutes do fire service units have to
travel to reach fire incident area?” and “From which route in the city do fire
service units have to travel to reach fire incident area?” can be answered
easily.

This study includes a review of the literature about accessibility and fire
preparedness. The review of the literature about accessibility is used to-
understand and define the accessibility measures, measurement
techniques and database components of accessibility concept in GIS
environment with respect to fire service accessibility. The review of the
literature about fire preparedness is used to define the role of fire
preparedness in fire management, to define the critical fire response time

thresholds for evaluation of fire service accessibility, to learn the standards
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in fire response time and to understand; to what extent the accessibility
results could be used as a baseline to take precautions and to reduce the
probable losses in fire preparedness. Despite many studies about fire
concept and accessibility concept separately in the literature, the main
body of this research on measurement and evaluation of fire service
accessibility is limited in terms of the number of applications reported in
the literature. Therefore, the literature survey part of this study was very
important and the findings of this literature survey formed a basis for the
case study regarding the measurement and evaluation of fire service
accessibility by using GIS in Cankaya district of Ankara.

The thesis starts with the literature survey about accessibility concept with
respect to fire service accessibility which is a vital concept in fire
preparedness. In this chapter, comparative definitions, components,
measures, measuring techniques and practicing examples of the
accessibility concept both in Turkey énd in other countries are described.
Then, GIS aspects of the concept are focused on, in order to understand
the measuring techniques and database aspects of the concept and the
relations between accessibility and GIS.

After covering the concept of accessibility, the concept of fire
preparedness is explained briefly in the third chapter. First the terms like,
fire prevention (mitigation), fire preparedness, fire response and fire
recovery, related with fire management are described, then the place of-
preparedness in fire management, interrelation between fire service
accessibility and fire preparedness, critical fire response time thresholds,
the standards in fire response time and importance of GIS in fire
preparedness are discussed in order to define what extent accessibility
results could be used as a baseline to take precautions and reduce the
probable losses in fire preparedness.



In chapter four, the case study is described based on the findings in the
previous literature survey chapters. The aim of the study, the location of
the study, including the reason of why this area is selected for the case
study, the data of the study and the basic steps, including data collection,
digitizing, editing, database building, are described.

Chapter five presents the final fire service accessibility maps, the
evaluation of the results concerning critical urban areas and facilities in
Cankaya district of Ankara. “Arcview 3.1 software and Arcview Network
Analyst module of Arcview 3.1 software, by ESRI” is used to perform
accessibility analyses in the study.

Finally, last chapter concludes the study by a general summary, critiques
and suggestions according to the results extracted from the thesis.



CHAPTER 2

DESCRIPTION OF THE ACCESSIBILITY CONCEPT

In this chapter, comparative definitions of accessibility, the need for
accessibility analyses, the components of accessibility, accessibility
measures and measuring techniques of accessibility in GIS are described

by different examples both from Turkey and from other countries.

The purpose of this chapter is to extract information about the accessibility
measures and measuring techniques of accessibility in order to
understand the steps and database aspects of measuring accessibility
regarding fire service accessibility by using GIS.

2.1. Definitions of accessibility

“Accessibility... is a slippery notion... one of those common terms that
everyone uses until faced with the problem of defining and measuring it”
(Gould, 1969, page 64)

There have been different aspects of accessibility and many different
definitions of accessibility can be found in the literature. The reality about
accessibility is that; the term accessibility is used by various disciplines in
different meanings and it is really difficult to define and measure it as
Gould said in his study in 19689.



Makri (2001) states some of the different aspects of accessibility in the
literature;

“Physical accessibility” is being able to reach a point in spite of any
physical hindrances.

“Mental accessibility” is understanding and being able to use a given area

and its facilities.

“Social accessibility” is having friends and a job and being able to get to
and from work, meet friends and participate in social activities.

“Organizational accessibility” is having access to travel opportunities,

information and service regarding a journey.

“Financial accessibility” is being able to afford available public or private

means of transport.

And “Virtual accessibility”, which is a very popular term of our new century,
is being able to access information and people without moving from a
certain place, by using electronic facilities.

The mentioned accessibility concept in this study is directly related with
physical accessibility which means being able to reach a point in spite of

any physical hindrances.

One of the definitions of physical accessibility is the ease and convenience
of access to spatially distributed opportunities with a choice of travel (Dong
et al., 1998). Kuntay (1976b) defines physical accessibility as the ability to
reach from one place to another securely and comfortably by shortest
way, simple route and appropriate speed, and ability to reach the intended
location. Joly (1999) defines the physical accessibility as a geographical
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concept in transport planning and in evaluation of projects and as a
capacity to reach customers, a service or a message. And Chen (2000)
defines physical accessibility as a significant index that reflects the ease
for travellers to achieve desired movements in urban areas. All the
definitions about physical accessibility in the literature points out the same
common direction; physical accessibility is being able to reach an intended
point or location in spite of the hindrances like transportation and reflects
the ease for travellers.

Kwan (1998) emphasizes in his study that physical accessibility can be
handied either for people (individual accessibility) or for places (place
accessibility) according to the aim of the study in such a way that; physical
accessibility can be handled either as a property of people defining how
easily an individual can reach activity locations, or as an attribute of
locations indicating how easily certain places can be reached.

In this study, as mentioned before, the focus is on the physical (place)
accessibility, which answers the question of how easily fire services are
able to reach the locations within a threshold time, from an emergency
point of view. Thus, from now on, the mentioned accessibility is the
physical accessibility in the following parts of this chapter.

2.2. The Need for Accessibility Analyses

Accessibility has long been used by planners and politicians, and directly
or indirectly always been an important part of urban fact (Makri, 2001;
Makri and Folkesson, 1999)

Juliao (1999) states accessibility as a key variable for planning policies
and territorial development. Planning policies and territorial development
are concerned with equity and a better distribution of people and activities

in the territory. That is why accessibility, regardless if it is measured in



time, cost, distance, or population, is the most important variable that one
must consider in the early stages of planning.

Accessibility analyses have a wide usage to check the benefits of plans as
a planning control tool, and help decision makers to investigate the new
locations of urban services, to test the benefits of the current locations of
urban services, to identify thresholds about urban services, to find out the
capacity and service area of urban services such as education,
emergency, leisure, industry and shopping etc. (Kuntay, 1990; Kemeg,
2001). Halden et al (2000) also emphasize accessibility analyses as
practical tools in evaluating the performance of transportation systems.
Accessibility results can be used to check if urban services are highly
accessible by walking, cycling or public transport etc., to identify critical
regions that are out of current service range or to select appropriate sites
for new services.

Accessibility analyses can answer the questions of;

o [f districts or services are accessible from certain locations, by
different vehicles (walking, cycling, public transport etc.) within
accepted time and distance thresholds?

For example if education services are within 500 meters, 5 minutes from
bus stops or if housing are within 5 - 10 minutes to recreational services
(People have always been in an effort to live in locations that optimize
access to various utilities such as production, food, sales, purchases,
leisure activities etc.) (Makri, 2001).

e If services are equally distributed within the city?

¢ Where is the service area for a facility? (e.g. shopping centre, fire
station, hospital)



s What is the level of access for particular facilities?

o How many people, jobs, employees, floors, areas, etc. are within
15-20 minutes from defined locations?

Accessibility analyses evaluate the interrelationships between patterns of
land use and the nature of transportation systems and enable us to
understand the various issues such as level of access, service area,
capacity, threshold and distribution etc. Therefore, accessibility measures
are useful indices in decision making and help decision makers to define
optimum strategies for action.

2.3. Components of Accessibility

There are three generally mentioned components of accessibility in the
literature which are;

e activity element

s transportation element

e zones'

All accessibility measures include representation of the activity element,

transportation element and the zones which need to be expressed at a

1 The usage of zones as a component in accessibility studies is sometimes not necessary depending upon the
measuring techniques. In isochronal based technique and raster based technique uéing 2ones, is not necessary
as a component of accessibility (Explained in Section 2.5.Measuring techniques of accessibility).
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level of detail, appropriate for the needs of the particular situation about
accessibility (Halden et al., 2000; Makri, 2001).

2.3.1.Activity? Element

The activity element of accessibility is usually based upon the land use of
interest and type of person or traveller at alternative origins or
destinations. Depending on the issue at hand, it can be handled as type of
landuse ar type of people or traveller, etc. (Makri and Folkesson, 1999;
Halden et al., 2000).

Land use of interest in accessibility studies can consider several facilities
such as education and training facilities (like schools, colieges,
universities, training centres), emergency facilities (like health centres,
hospitals, police offices, fire services), or shopping and leisure facilities
(like shops/shopping centres, cinemas, theatres, sports centres, outdoor
activity opportunities, pubs, clubs) etc.

Type of person or traveller in accessibility studies can consider
employment status of the traveller (unemployed, retired, economically
active etc.) or age of the traveller (adult, children etc.) the mobility® of the
traveller according to the needs of the particular situation.

2 The activity element can also be seen as “attractiveness®, “opportunity”, “attraction”, “utility” or “motivation” in
the literature.

3 Mobility is a critical component of accessibility. The term mobility refers to the potential for movement. A
number of factors affect mobility including the availability and cost of transportation infrastructure. For example,
If two people have the same residential location, but one person has a car and the other does rof, each
person's access to employment and shopping activites may be very different (Transportation Statistics Annual
Report, 1997).
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For example; the number of economically active people which have
access to a new trade center by public transport in 15 minutes as
shopping accessibility or total size of recreational areas accessed by the
residentials by foot in 5 minutes as recreational accessibility etc. can be
investigated as type of activity elements regarding the aim of the study. In
this study; activity element is handled as the number of critical facilities
and people that can be accessed within critical time thresholds by fire
trucks.

2.3.2. Transportation* element

The transportation element of accessibility aims to represent the real
behaviour of travel and based on the resistance effect of different types of
travel modes (pedestrian, bicycle, car, bus, rail, etc. or combination of
several travel modes) and transport element is generally represented by
travel time, travel cost, travel distance, or generalized cost/time etc.

The time of the travel (rush hour, normal hour, etc.), the day of the travel
(Sunday, Monday, etc.), or season of the travel (winter, summer, etc.), the
quality and capacity of the roads, the econamy, comfort, cost and safety
considerations about the travel, are important factors and must be
considered in representation of transportation element in accessibility
studies according to the aim of the study (Kuntay, 1976b; Halden et al.,
2000).

4 The transportation element can also be seen as “deterrence” or “impedance” or “resistance” in the literature.
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2.3.3. Zones

The zone element of accessibility represents the level of detail in
accessibility studies. Geographical regions, districts or quarters are mostly
used as zone elements of accessibility in the literature (Halden et al,,
2000).

The detail of the study depends upon how much effort can be afforded on
the analysis and depends upon the aim of the study. For example if the
aim is about a national or regional issue, which requires a wide
geographical coverage, a fairly coarse zoning system which means low
detail may be adequate. However a local issue such as the accessibility of
a school may require very detailed local representation. Reliable data are
usually easier to obtain for coarser zones.

2.4. Accessibility Measures

At its simplest level, qualitative descriptions can be used to define the
accessibility of a location. Terms such as “good accessibility”, “average
accessibility” or “poor accessibility” can be used as simple qualitative
accessibility measures for describing the accessibility level of a location in
meaning of the accessed population, accessed facilities, or sometimes the
level of transport supply (Halden et al., 2000).

However, accessibility measures will usually need a more comparative
approach than qualitative accessibility measures in order to support
practical decision making. In the literature there are three generic but
overlapping types of widely used quantitative indicators. The most basic
and most widely used measures about physical accessibility can be
described as below;

¢ simple measures

13



e cumulative opportunity measures

e gravity measures (Makri, 2001; Chen, 2000).

In spite of the existence of various accessibility measures, Makri and
Folkesson (1999) claim that a best approach for accessibility measures
does not exist. Different situations and purposes demand different

approaches.

2.4.1. Simple measures®

The use of time and distance is the basic representation of this type of
accessibility measures and it has been used for much of the case study
work (Chen, 2000).

A 10 minute drive zone to city centre or 800 meters walk zone to
education services or total length of motorways, etc., are usually good
indicators to define the accessibility in terms of time and distance (Halden
et al., 2000).

Although time and distance is the main and most common measures of
simple accessibility, various indices like amount, frequency or cost etc. can
also be handled among this type of accessibility measures.

The number of stations, bus lines, the variety of vehicles (i.e. rail/bus/light
rail etc.), the frequency of public transportation, (i.e. 1 bus for every 15
minutes etc.) or cost of transportation between certain locations are also

5 This type of measures ¢an also be seen as “spatial separation measures” or “distance measures” in the
literature.
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simple but useful indicators of simple accessibility measures and has been
used for much of the studies by providing a comparative approach (Halden
et al., 2000).

In spite of the limited scope, simple type of measures (or indices) have
wide applications within research and are used in many studies because
of their simplicity.

2.4.2.Cumulative Opportunity measures

Cumulative opportunity measures are based on the concept of
geographical proximity to a single reference location and they represent
accessibility in terms of the cumulative number or proportion of
opportunities that can be reached within specified travel distances or times
from a reference location (Kwan, 1998).

The cumulative opportunity type accessibility measures are used for a
wide variety of planning purposes and are usually calculated from major
centres of population such as towns, cities or public services such as
hospitals, schools, fire brigades. The numbers of students within 10
minutes travel time from schools or the number of shops / floor spaces
within 5 km distance from districts are good examples of this kind of
accessibility indices. Cumulative opportunity measures provide an idea of
the range of various choices available within an area (Makri and
Folkesson, 1999). A higher value of the cumulative opportunity for a
location means more accessible location (Halden et al., 2000).

The basic formulation for cumulative opportunity measure is that;

A=2G

¥

16



in which t is the threshold, and Oy is the cumulative opportunity that can be

reached within that threshold. The cumulative opportunities can be the
number of jobs, number of people, number of employees, total retail floor
spaces, area of the facilities, etc., within a threshold travel cost (distance,
time etc.) from a defined location (Chen, 2000).

Because of the fact that all the destination opportunities beyond critical
threshold are cut off, the threshold travel distance or time is a key factor in
the cumulative opportunity measures and very sensitive for the final
accessibility results (Makri, 2001).

2.4.3. Gravity based measures

Gravity based indices measure accessibility by weighting the opportunities
in an area by a measure of their attraction and discounting each
opportunity by a measure of the travel impedance (Kwan, 1998; Makri,
2001). Gravity based indices examine both destination characteristics and
transportation characteristics jointly and depending on the problem at
hand, various measures of attraction such as total retail floor space or the
number of households have been used (Chen, 2000).

Basic formulation for gravity model is that;

O

3

AfZ

é?""ul

2

in which Qs represents the attraction factor, “¥ represents the impedance

factor (Chen, 2000).

The gravity-based measures are identical to the cumulative opportunity

measures. However, the gravity based measures represent the joint effect
16



of transportation systems and land use patterns in accessibility studies
without time or distance thresholds (Dong et al., 1998).

2.5. Measuring Techniques of Accessibility using GIS

The literature on measuring techniques of physical accessibility using GIS
can broadly be divided into three which are;

e Zone based technique

e Isochronal technique

¢ Raster based technique

Although there are various accessibility measuring techniques, the best
approach for measuring techniques of accessibility does not exist.
Different situations and -purposes demand different approaches as
previously mentioned (Makri and Folkesson, 1999).

2.5.1. Zone based technique

The reason of the name “zone based technique” is that; the accessibility
evaluations are calculated and presented in a zone logic like districts,
quarters etc. (also discussed in Section 2.3).

A zone based technique for measuring accessibility by GIS is argued by
(Chen, 2000) as a case study specific to shopping purpose. The study
evaluates accessibility by using simple, cumulative opportunity and gravity
accessibility measures specific to shopping purpose by auto and by transit
during off peak hours for Dallas/Fort Worth area. The retail employment in
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destination zone is taken as an activity element which is also described in
Section 2.3.

alfzh

The formula of is used in representation of shopping

accessibility as simple measure in which,

tjj is the minimum total travel time between the centroids of zones i and
by auto and by transit in off peak hours. Two impedance values by travel
time is calculated in the formula to produce accessibility results as a

simple measure (Figure 2.1 as example).

Accessihility
™
[ ]

Figure 2.1: The zone based representation of shopping accessibility by
auto in Dallas/Fort Worth area as a simple measure

Source: (Chen and Qinglin, 2000)

It can be seen that simple measure presents higher accessibility in central
area and lower in peripheral areas, which means accessibility to other

areas in downtown area is easier for the residents than in suburb
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according to the simple accessibility distribution in Figure 2.1. The
accessibility results can be explained by the formulation in which only
travel time is considered and no destination attraction is taken in account
as previously described in Section 2.4.1 (Chen, 2000).

14f=2:ﬁ§

The formula of %< js used in representation of shopping

accessibility as cumulative opportunity measures, in which,

i is the origin zone ID; j is the destination zone ID; R; is the number of retail
employments in destination zone j; tjj is the travel time from zone i to

destination j; T is the time threshold which is set as 30 minutes for auto

and 45 minutes for transit in the Chen’s project.

From the related databases attached, the cases with travelling time less
than 30 minutes and 45 minutes (Figure 2.2 as example) are selected
among the retail employments as activity element for each origin zone.
The cumulative number of retail employments, with travelling time less
than the transportation threshold, shows the representation of shopping
accessibility for each zone as cumulative opportunity measure (Figure 2.3

as example).
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Figure 2.2: Traveling time less than 30 minutes selection among the retail

employments as activity element in Dallas/Fort Worth area

Source: (Chen and Qinglin, 2000)
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Figure 2.3: The zone based representation of shopping accessibility by

auto in Dallas/Fort Worth area as a cumulative opportunity measure

Source: (Chen and Qinglin, 2000)

The accessibility representation of each zone as cumulative opportunity
measure is the count of cumulative retail employment opportunities for the
origin zone and surrounding zones within the time threshold. More retail
employments exist in downtown areas and surrounding areas, so these
areas present higher accessibilities. In outer areas, although some zones
also have large retail employments themselves, they still present low
accessibility because of they are usually large and they don’'t have enough

shopping opportunities surrounding them within time threshold.
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The formula of =B Hy is used in representation of shopping

accessibility as gravity based measure, in which,

Rj is the retail employment in zone j (proxy for shopping opportunities); J is
the total number of zones in the area; Hij is the transportation impedance

element. The cumulative retail employments, divided by the transportation
impedance without a threshold, shows the representation of shopping
accessibility for each zone as gravity based measure (Figure 2.4 as

example).

The formulation includes both destination attractions of retail employment
and transportation impedances. The zones which are surrounded with
large shopping opportunities and have low transportation impedances

present higher accessibilities when compared with other zones.
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Figure 2.4: The zone based representation of shopping accessibility by
auto in Dallas/Fort Worth area as a gravity measure

Source: (Chen and Qinglin, 2000)

Another example to zone based technique for measuring accessibility by
GIS is the Kwan'’s study, in Franklin county, Ohio in 1998. It is also about
shopping accessibility and gravity and cumulative opportunity measures
are used to represent shopping accessibility. Kwan's study is a good
example in order to understand the steps and database aspects of

measuring accessibility.

The data used in the study are a detailed digital street network of Franklin
county and a digital geographical information about land parcels which
includes various kinds of shopping and retail facilities such as restaurants,
personal business establishments, banks, entertainment, outdoor
activities, educational institutions and office buildings.
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Land parcels are used as a zone element which is necessary to represent
accessibility in a zone based technique. A point coverage of the centre
point of the parcels is generated in order to calculate the travel times and
distances between land parcels. A weighted area, that equals the parcel
area multiplied by a building height factor, is computed for each land
parcel as activity element for the calculation of gravity and cumulative

opportunity measures of shopping accessibility.

All point to point distances between land parcels are measured in terms of
travel time in minutes on the Franklin county transportation network. Travel
time between land parcels are taken as the shortest time between them.
Seven road classes in the digital street network are reclassified into three
categories in order to simplify the computation in the study. Travel
impedance is assigned as the average travel speed® on the transport

network as follows;

e 55 miles per hour for controlled access freeways,

e 25 miles per hour for state highways and municipal arterials without

access control and

* 15 miles per hour for other city streets.

The travel time obtained is further adjusted upward 25 percent to take into
account delays at traffic lights and turns.

6 Travel time estimates are usually based on average speeds assigned to different classes of road. However it
is preferable to use comprehensive data on congestion by time of day allowing more accurate estimates of
travel time and to check travel times between particular locations on the basis of travel records if possible
(Halden, Mcguigan, Nisbet, Mckinnon, 2000).
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In Kwan’'s study the visualization of the shopping accessibility results
confirmed that the used techniques generates a realistic travel
environment for the study without introducing additional data structure
such as turn impedance, which may substantially increase the
computational charge of the GIS procedures. Lastly weighted sum of
urban opportunities within reach in 20, 30, and 40 minutes of travel time

are measured and visualized in the study.

2.5.2.Isochronal technique

The other and simpler kind of accessibility measurement technique is the
isochronal technique. The reason of the name “isochronal” is that the
accessibility evaluations are calculated and presented in a isochronal

logic.

An isochrone is a line on a map that connects points of equal travel time
away from a single reference point. If an origin is defined as the reference
point, isochrones can be drawn connecting points in all directions that can
be reached in a threshold time or distance (Figure 2.5 as example). The
isochrone is irregularly shaped because of the structure of transportation
network. Routes make it possible to travel faster in some directions than in
others (Transportation Statistics Annual Report, 1997).
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Figure 2.5: The isochronal representation of accessibility

If an accessibility indicator of the time or distance is needed, the indices
like 10 minutes or 500 meters relative to a location can give useful results
as simple measures of accessibility. If hospitals are used as the reference
point, isochrones can be drawn connecting points in all directions that can
be reached in exactly 10 minutes as simple measures (Figure 2.6 as

example).

If an indicator of the total number of education opportunities within 10
minutes to hospitals is needed, the cumulative number of facilities located
within the 10-minute isochrones can be counted. If 20 minutes is
considered a reasonable threshold of the time, then a 20-minute
isochrones can be drawn and cumulative number of the facilities can be
counted as cumulative opportunity measures. The indices of cumulative
number of people or facilities etc. can give useful results in accessibility

studies (Figure 2.7 as example).
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Figure 2.6: The isochronal representation of 10 minutes accessibility of

hospitals as a simple measure
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Figure 2.7: The isochronal representation of cumulative number of
education services within 10 minutes accessibility to hospitals by
pedestrian as a cumulative opportunity measure

Dodge and White’s study in 1995 is a good and simple example of

isochrone based representation of accessibility for public services. The

study identifies how far people had to travel to reach a healthcare service
26



in Wales. Around each clinic 5 km buffer is created and several gaps were
found which shows the areas where accessibility to the clinics could be
problematic (Figure: 2.8).

5 KM Buffer Around GPs
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Figure 2.8: The isochronal representation of 5 kilometers accessibility from

asthma clinics as a simple measure

Source: (Dodge and White, 1995)

As in all techniques, isochronal representation of accessibility measures
are most useful when they are evaluated at more than one threshold and
at more than one point, and compared. For example doubling the travel
time can triple the number of shopping opportunities or 7 shopping
facilities can be within 10 minutes and 13 can be within 20 minutes.
Comparing the accessibility results in more than one district or in different
locations can help us to draw a more clear conclusion about the related

subject.

As mentioned before one main weakness of cumulative opportunity
measures in isochronal type of representation is that these measures are
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highly sensitive to the analyst's judgment about what constitutes
reasonable threshold travel time. Thus, despite the shortcomings,
isochronal technique has an important place in accessibility studies and
very useful in evaluating accessibility from the stand point of various fields
regarding job accessibility for people of different income groups or several
facility accessibility within critical thresholds by different transportation
types.

2.5.3.The raster based technique

The raster based technique is the other and simple kind of accessibility
measurement which is very similar to isochronal technique. The
differences from isochronal technique is that, the equal travel time or
distance from a reference point is represented by the value of pixels in
raster environment instead of isochrones which are lines in vector
environment. Raster based technique is mostly used in regional studies

which doesn'’t necessitate spatial accuracy.

Juliao (1999) describes a raster based technique in Portugal for
measuring accessibility to the nearest municipality town, measuring
accessibility to the nearest highway node and measuring accessibility to
city centre, considering the travel time. The study is also one of a good
example in order to understand database aspects and the steps of
measuring accessibility.

Juliao (1999) argued in the study that the traditional methods of
accessibility evaluation do not consider the whole territory; and mainly
based on node/arc logic, so accessibility evaluation must be done in raster
environment in order to create a continuous model. Working in raster
environment reduces the geometrical accuracy of the information, but

opens a wide range of new analysis capabilities. This is why although the
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original information was in vector format, the analysis is made mainly

using raster data by Juliao.

In the study the general structure of the accessibility evaluation is

summarized in 3 phases which are mainly;

e Data acquisition and integration (preparation of the geographical

information)

e Cost surface and modeling (calculating the impedance/resistance

across each individual cell by cost surface) and

* Accessibility analysis (measuring and visualizing the accessibility)

Data acquisition and integration phase of the study contains preparation of
the geographical information which are the data with every highway node,
the data with the central point of every municipality town and data of the

urban road network system.

The first step in the data acquisition and integration phase of the study is
the classification of roads according to their types which is presented in
Table 2.1.

Another step is converting vector data to raster format as a continuous
surface, which is a necessary step to work in raster environment (Figure
2.9 as example). Because of the study is at a regional level, a pixel
dimension of 100 m is used in data conversion process, which seems
enough for the accuracy purpose of the study. Matrix of 1,580 rows by
1,519 columns are used to cover the whole region, which means a total of
2.400.020 cells.
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Table 2.1: Classification of roads according to their types

Road Category7

IP highway

IP 2 lane

IC highway

IC 2 lane

National Road

Regional Road

Municipal Road (former national)

Municipal Road

Source: (Juliao, 1999)

A
A

Figure 2.9: IP, IC, national and regional road network of Portugal in raster

environment

Source: (Juliao, 1999)

7 IP and IC are the two main route categories in Portugal: IP (Main route) is the first level and IC

(Complementary route) is the second level route.
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Cost surface and modelling phase of the study contains the calculation of
cell crossing time for each pixel. This surface can be created in many
different cost units (distance, time, currency, or any other unit). In the
Juliao’s study, travel time is used as travel impedance unit. Calculation of
cell crossing time in the study is found by establishing the average
speed according to the road category and then calculating the cell
crossing time by using the following equation:

Px60

COT &————
TSx1000

where;

“CCT” is the Cell Crossing Time (minutes)
"P”" is the Pixel Size
"TS” is the Traveling Speed (Km/h)

For example if one is travelling in an IP 2 lane, the result is the following:

Px60 _ 100x60

GETE =
TSx 000 80%x1000

0.075¢

6_
80

After this calculation Juliao achieves an impedance result for traveling in
IP highway or national road like the following (Table:2.2).

Table 2.2: Impedance results according to cell crossing time

Road Category Average Speed | Cell Crossing Time (minutes)
IP highway 110 0.0545
IP 2 lane 80 0.0750
IC highway 110 0.0545
IC 2 lane 70 0.0857
National Road 60 0.1000
Regional Road 55 0.1091
Municipal Road (former national) 50 0.1200
Municipal Road 50 0.1200

Source: (Juliao, 1999)
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To fill the gaps between road infrastructures and to consider the whole
territory, the average walking speed for every cell outside the network is

established as 6 Km/h (1 minute of cell crossing time) by Juliao.

In the last phase of the study which is the measuring and visualising
phase of accessibility, the only necessary step is to define an origin and
than apply a cost distance function using the cost surface. The cost
distance function calculates the less cumulative cost starting from one or
several origins and travels through a cost surface and achieve a final
simple accessibility measure as presented in accessibility to the nearest
municipality town (Figure 2.10), accessibility to the nearest highway node
and accessibility to city centre (Figure 2.11).
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Figure 2.10: The raster based representation of accessibility to the
municipality town starting from the city centroids as a simple measure

Source: (Juliao, 1999)
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Figure 2.11: The raster based representation of accessibility to Lisbon as
a simple measure

Source: (Juliao, 1999)
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2.6.The importance of GIS in accessibility studies

GIS is a computer system capable to store, manipulate and display data

related to geographical location through a convenient and visual interface.

Using GIS in accessibility studies can contribute to decision makers with
the ability to visualize, organize and manipulate large volumes of spatially
referenced data, and understand geographical patterns and trends that
would otherwise be difficult to comprehend (Chen, 2000; Peters and Hall,
1999)

Halden et al (2000) emphasize in their study that accessibility analysis
often lends itself to GIS for analysis and presentation. Since accessibility
measures describe the characteristics of a location, origin or destination,
GIS has powerful tools to present such spatially referenced information in

a way which aids decision making.

In a more detailed way, Makri and Folkesson, (1999) mention the
advantages of GIS in measuring accessibility. According to their study GIS
has a lot of strong capabilities in;

e calculating the distances or costs in the spatially referenced
transportation data, (all distances between origins and destinations
can be computed in single steps)

e building regulations of streets such as one-way streets, closed

streets, overpasses and underpasses,

e estimating driving times based on actual speeds of vehicles on the
road and the delays in intersections in the transportation data in
measuring accessibility.
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e extracting spatially referenced accessibility information from the
basic data

e presenting accessibility results with opportunity of different scales

and resourceful colour and figure choices.

Although measuring accessibility without GIS is possible, it has disabilities
to visualize, organize and manipulate large volumes of spatially referenced

data, and insufficiencies to comprehend spatial patterns and trends.

In the literature, Kuntay’s study about measuring physical accessibility in
1976b is one of the good examples of measuring accessibility without
using GIS. The study evaluates physical accessibility from public transport
stations to urban facilities of hotels, banks, and cinemas (Figure 2.12 as
an example) and from residential areas to “Tekel Tobacco Checking and
Processing Workshop” (in Turkish “Tekel Tutun Bakim ve Isleme Atélyesi”)
by public transport in Trabzon.

Difficulties and insufficiencies in the measuring and evaluating process of
accessibility without GIS can clearly be extracted from the Kuntay's study

and can be summarized as;

« Only the main roads of the city get into consideration assuming that
the speed is the same inside the whole network,

e The distances and times between locations are manually calculated

in matrix format without spatially referenced,

e Regulations of streets and the delays in intersections are not
considered,
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o There is lack of spatial interaction with the data and geography, so
it is difficult to extract accessibility information from the data,

e There is poor accessibility presentation without resourceful colour

and figure choices and different scales.
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Figure 2.12: Representation of accessibility without GIS from public
transport stations to urban facilities of hotels, banks, and cinemas in
Trabzon

Source: (Kuntay, 1976b)

In the literature, Yalazi's study is also another example of measuring
accessibility without using GIS. Yalazi analyses physical accessibility of
fire services within their responsibility area in Ankara in 1998 and defines
the approximate response times for fire stations (Figure 2.13; Figure 2.14).
The average response time from fire stations to incident areas are
generalized for all fire stations by bird-flight distances without considering
the transportation network by using fire response statistical data of 1998,
obtained from iskitler, Kurtulus and Esat fire stations.
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Figure 2.13: Representation of fire service accessibility without GIS in
Ankara in 1998

Source: (Yalazi, 1998)
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Figure 2.14: Representation of bird-flight fire response time and distances
without considering the transportation network and without geographical
interaction

Source: (Yalazi, 1998)
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2.7.Evaluation of the Chapter

The literature survey about accessibility is needed to understand the
issues of “what type of measures and which measuring techniques can be
used”, “what kind of data is needed” and “what are the steps” for analysing
fire service accessibility by using GIS.

It is clearly understood from the literature survey that using isochronal
technique to measure fire service accessibility is the most suitable one
among other techniques and using simple and cumulative opportunity type
of measures is the most suitable measures to evaluate the fire service
accessibility according to critical response time thresholds as described

below.

The reason of “why isochronal technique to measure fire service
accessibility is the most suitable one among other techniques?” is that; it is
the only technique, which can represent accessibility in detail of street
scale (in detail of roads, parcels etc.) (see Section 2.5). In zonal
technique, representation of accessibility depends on a zone logic, and the
whole of a district or a quarter is assumed to have the same accessibility.
Because zones are the smallest unit to represent accessibility in zonal
technique. Raster based technique is also not suitable for local issues
such as accessibility of a fire brigade and mostly used in national or
regional studies which doesn’t necessitate a detailed local representation
and high spatial accuracy.

The reason of “why simple measures best represent fire service
accessibility?” is that; the use of time and distance is the basic
representation of simple type of measures which directly answer the
questions of “where are 5, 10, 15 minutes or 1, 5, 10 kilometres access
zones for fire services”. Simple measures are good indicators to define
the accessibility in terms of time and distance as mentioned in the

accessibility measures part of the chapter (Section 2.4).
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The reason of “why cumulative opportunity measures can also be used to
represent fire service accessibility?” is that; cumulative opportunity
measures provide an idea of the range of various choices available within
defined thresholds in an area and they directly answers the gquestions of
‘how much people or how amount of facilities etc. are within 5, 10, 15
minutes or 1, 5, 10 kilometres access zones from fire services” as

mentioned in the accessibility measures part of the chapter (Section 2.4).

Using gravity type measures to represent fire brigade accessibility is not
appropriate for the aim of the study. Because gravity type indices can only
be measured by zone based technique, which represents accessibility in a
zone based logic such as districts, quarters etc., and is not suitable for
measuring fire service accessibility which needs a more sensitive
approach.

Most of the effort required for accessibility analysis is associated with data
collection and processing rather than analysis. The general steps and
database components of measuring accessibility in GIS regarding fire
service accessibility is clearly extracted from the literature survey and can

be summarized as;

« Collection of the digital street data as transportation element and the
digital land use data as activity element (such as fire services, health
services, education services etc.) which are the two main database

components of measuring accessibility.
« Classification of roads according to the type, quality and capacity,

+ Establishing average speeds according to the road classifications, time
of the day (rush hour, normal hour etc.) weather conditions (sunny,
foggy, rainy etc.), season (winter, summer etc) and mobility of fire
service (fire plane, fire truck, fireman etc.) as transportation resistance
element,
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¢ Defining critical time thresholds regarding fire service accessibility (5

minutes, 15 minutes, 30 minutes etc.).

Measuring and evaluating fire service accessibility can help decision
makers, who are local authorities including civil defence, fire service
providers, department of planning, to test the current fire service response
performance, to identify critical areas that have low or no accessibility, and
to find out solutions in order to improve response to these critical areas
(Badri et al., 1996). That is why fire service accessibility is a vital concept
in fire preparedness and has a leading role in reducing casualties.

In the next chapter, the concept of fire preparedness, interrelation between
fire service accessibility and fire preparedness, critical fire response time
thresholds and standards and possible precautions that can be taken
according to the results of fire service accessibility are discussed in order
to understand what extent time thresholds and standards in fire
preparedness could be used as a baseline to measure and evaluate fire

service accessibility.
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CHAPTER 3

FIRE PREPAREDNESS

In this chapter, the concept of fire preparedness, a vital phase in fire
management, is explained briefly. Firstly, the general definitions and
phases related with preparedness and the place of preparedness in fire
management are covered in order to understand the preparedness
concept generally, then, interrelation between fire service accessibility and
fire preparedness, critical fire response time thresholds and standards,
and possible precautions that can be taken are discussed in order to
understand what extent time thresholds and standards in fire
preparedness could be used as a baseline to measure and evaluate
accessibility.

The aim in this chapter is not to understand the whole processes in fire
preparedness. The focus is limited in terms of the role and importance of
time and accessibility in fire preparedness. The aim of this chapter is to
define critical fire response time thresholds, to define the standards in fire
response time and to define the possible precautions, which are all
necessary to measure and evaluate fire service accessibility and to
understand what extent accessibility results could be used as a baseline

to take precautions and reduce the probable losses in fire preparedness.
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3.1.Fire Management

3.1.1.Definition of Fire Management

In the literature, one of the definitions of fire management from Fire and
Emergency Services Authority of W.A. is a range of measures to manage
the fire related risks to communities and the environment. It involves the
development and maintenance of arrangements to prevent, prepare for,
respond to, and recover from fire emergencies and disasters (Heritage
Collections Council, 2000). United Nations Department of Humanitarian
Affairs defines fire management as the organized analysis, planning,
decision making, assignment, and coordination of available resources to
the mitigation of, preparedness for, and response to or recover from fire
emergencies of any kind, whether from attack, man-made, or natural
sources. University of Wisconsin Disaster Management Centre defines fire
management as the range of activities designed to maintain control over
fire disasters and emergency situations and to provide a framework for
helping at-risk persons to avoid or recover from the impact of the fire
disaster. Heritage Collections Council (2000) also explains fire
management in the study as; identifying the risks, taking action to prevent
or reduce those risks, preparing the for effective response to the

emergency, an ability to plan a recovery for a fire disaster.

All the definitions about fire management in the literature points out the
same common direction; fire management is a total of activities to manage
the fire related risks to communities and the environment and deals with

situations that occur prior to, during, and after the fire disaster.
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3.1.2.Phases in fire management

In the literature there are mainly four basic phases of fire

management which are;

e Prevention,

e Preparedness,

¢ Response and

¢ Recovery

(Heritage Collections Council (2000); UWDMC,
http://dmc.engr.wisc.edu/courses/aimscope/AAO2-intro.html  visited on
7.11.02; Radke et al., (2000). These four main phases can also be
handled according to time of performed actions as below;

Table 3.1: Phases of fire management according to the time of performed

actions

FIRE MANAGEMENT PHASE TIME

Prevention (mitigation) A
Before-fire

Preparedness

Response During fire

Recovery After-fire

Source: UWDMC, http://dmc.engr.wisc.edu/courses/aimscope/AAQ2-intro.html visited on 7.11.02

Before-fire phase consists of two main phases and can be handled as fire
prevention, and fire preparedness. In general, fire prevention is event-
focused. The objective of prevention is to prevent the disaster from
occurring at all, however fire preparedness assumes that the disaster will

occur and focuses on structuring response and laying a framework for
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recovery in order to meet a future disaster and aims to lessen the impact

of fire in terms of loss of lives, health and money

During fire phase contains activities performed during the actual fire
emergency and can be handled as “fire response” in fire management. it
starts with the occurrence of fire emergency and continues until the

emergency is over.

Post-fire phase starts when the initial response has been totally completed
and emergency is over. Post-fire phase contains the recovery activities in
fire management (UWDMC, http://dmc.engr.wisc.edu/courses/aimscope/
AA02-intro.html visited on 7.11.02).

3.1.2.1.Prevention

Basically, prevention can be explained as the activities taken to minimize
the probability of a disaster. “Erection of dams or levees to prevent
flooding” or “determination and removal of potential fire sources to prevent

fire” etc. can be given as some examples of disaster prevention.

Prevention provides permanent protection from disaster, and can be
handled either as;

e structural activities like using engineering technology (building
disaster-resistant buildings or protective structures such as flood-

walls, dikes, dams etc.) or as;

e non-structural activities like regulations, legislations and education
(controlling land use and urban planning, building regulations,
disaster legislation, public education and information) (Lake County

Indiana Local Emergency Planning Commission “Emergency
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Management Glossary And Acronyms”  http://www.lepc.co
.lake.in.us/empglos.pdf visited on 1.12.02; Radke et al., 2000).

Heritage Collections Council, 2000 states that prevention can also be
referred as a part of hazard risk management which aims preventing or
lessening the effects of the natural hazard or taking actions that will
reduce the risks to an acceptable level'. Hazard risk management consists

of:

e hazard mapping; identifying threats, determining their probability of
occurrence, estimating what the impact of the threat might be to the

communities at risk,

¢ vulnerability mapping such as analysing the vulnerability level of

places exposed to hazards, or expected loss from hazards

e estimation of potential losses, such as losses of housing and
physical structures, agricultural losses, economic losses, losses to

physical infrastructure (such as roads, bridges, electric lines, etc.)

» development of appropriate disaster prevention strategies and

taking precautions to prevent or reduce the threat.

In the light of the above-mentioned facts; fire prevention can be explained

as an event-focused phase and basically answers the questions of; what

1 For example, if flooding is determined to be a major risk, the risk can be reduced by physical measures such
as dams, flood control embankments, or channelling of the streams. Risk can also be reduced by moving
threatened communities from flood plains and/or restricting economic activities in the flood zone to those that
could absorb flood losses (such as forestry or agriculture) (UWDMC, http://dmc.engr.wisc.edu/courses/
aimscope/AA02-intro.html visited on 7.11.02).
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has the potential to cause fire emergencies? and what can be done to
prevent fire disaster? The main objective of fire prevention is to prevent

the fire disaster at all without occurring.
3.1.2.2.Preparedness

Preparedness, which is a pre-disaster phase of fire management,
assumes that the disaster will occur and focuses on structuring response

and laying a framework for recovery in order to meet a future disaster.

In the literature there are several definitions about preparedness. Radke et
al., (2000) defines preparedness as activities taken before a disaster
occurs, when mitigation cannot prevent disasters. California Emergency
Management Department defines preparedness as a discipline that
ensures an organization’s readiness to respond to an emergency ina
coordinated, timely, and effective manner. United Nations Department of
Humanitarian Affairs defines preparedness as activities, programs, and
systems designed to support and enhance response to an emergency and
to facilitate timely and effective rescue, relief and rehabilitation in order to
minimize loss of life and damage. University of Wisconsin Disaster
Management Center describes fire preparedness as a vital phase in fire
management, and basically defines as understanding the risks, alleviating
those risks and preparing for the impact of a fire.

All the definitions about fire preparedness point out the same common
direction; preparedness is a preparatory phase in fire management and
can be defined as a total of activities and precautions taken to get ready
for an emergency response and recovery in order to lessen the impact of
fire disaster on society and environment in terms of loss of lives, health

and money.
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Disaster preparedness focuses on reducing the society's vulnerability to
the disaster and refers to a broader range of activities which can be
handled as a combination of legislative, operational and educational

activities.

Legislative activities includes;

+ making legislations for establishing emergency policies,

« specification of actions what to be taken and by whom for

coordination of emergency organizations and

« urban planning

operational activities include;

« preparation of emergency plans (response and evacuation plans),

o |dentification of the degree of fire risks? that the population is
subjected to and evaluation of vulnerability level of places (for
example; identification of the ability of response units to provide
timely response and taking precautions for such places that have
high response risk.

2 There are mainly four risk elément elements when we consider the built environment and fire science:

First is the fire ignition risk, related with the factors affecting the start of a fire;

Second is the fire detection risk related with the determination of the fire and reporting to the fire department by
occupants;

Third is the fire spread risk related with the factors affecting fire growth and;

Fourth is the fire response risk related with intervention and fire fighting operations (Sarikaya, 2001).
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identification of the availability of fire personnel and equipment and

the needs of specific population

identification of the possible losses in terms of specific populations,
critical land use and facilites and infrastructure (damage

assessment)

Educational precautions include:

Education and training of the population, emergency personnel,

special teams

training operations, seminars, courses and broad campaigns of
public awareness aimed at preparing communities for the fire

disaster

preparation of emergency manuals and procedures to take the
various steps needed to safeguard lives and property during
emergency phase (Heritage Collections Council, (2000); UWDMC,
http://[dmc.engr.wisc.edu/courses/preparedness/BB04-intro.htm
visited on 7.11.02; Lake County Indiana Local Emergency Planning
Commission, http://www.lepc.co.lake.in.us/empglos.pdf visited on
112102

In the light of the above mentioned facts it can easily be said that the

preparedness is the most vital phase in fire management and the success

in fire response and recovery directly depends on the success in fire

preparedness. That's why preparedness save lives and limit the amount of

damage that might otherwise be caused by the event.
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3.1.2.3.Response

Basically, fire response can be explained as activities performed to lessen
the immediate effects of an emergency in order to return the scene to
normal pre-emergency conditions.

In threat of fire disasters, response starts with the occurrence of fire and
involves the following actions;

e Report of fire to the fire department and fire alarm,

e Departure from the emergency service and arrival to fire area,

e Intervention to fire and extinguishment (Meshur, 1997).

Response phase also covers search-and-rescue, evacuation of threatened
communities, emergency assistance, first aid and the other actions taken
to lessen the immediate aftermath during the time when the community is
rather disorganized during the disaster (Heritage Collections Council,
2000).

Fire response can be summarized as a synthesis of operational co-
ordination of fire reporting, arrival to fire area, fire extinguishment, and
search-and-rescue. All phases in fire response has vital importance for
minimization of the losses of lives, environment and property during a fire
emergency.
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3.1.2.4.Recovery

Recovery covers the activity of returning the systems into normal
functionality both in the short term and in the long term (Radke et al.,
2000; Heritage Collections Council, 2000).

Recovery period can be subdivided into two phases of rehabilitation (or
transition) and reconstruction. The rehabilitation period begins at the end
of the emergency phase and is a transitional phase that people try to re
put their lives back in order. It contains a time period of weeks to months
which people begin to return to work, and to repair infrastructure
(damaged buildings and critical facilities). During this phase appropriate
forms of assistance (provision of temporary shelter, food, and water etc. or
resumption of basic infrastructure such as water, sanitation,
communication and transportation) must be continued so that people can
begin to regain their self-reliance.

The reconstruction phase of a disaster is a time period of months to years
which contains large-scale efforts in order to replace damaged buildings,
revitalize economies or restore agricultural systems to their full pre-
disaster production capacity The reconstruction phase involves the
physical reordering of the community and of the physical environment and
may last for many years (Lake County Indiana Local Emergency Planning
Commission, http://www.lepc.co.lake.in.us/empglos.pdf visited on 1.12.02;
UWDMC, http://dmc.engr.wisc.edu/courses/aimscope/AA02-intro. html
visited on 7.11.02; UWDMC, http://dmc.engr.wisc.edu/courses/
preparedness/BB04-intro.htm visited on 7.11.02).
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3.2.Interrelation Between Fire Service Accessibility and Fire

Preparedness

3.2.1 The Importance of Measuring Fire Service Accessibility in Fire
Preparedness

As described before, fire, which is the most frequent one among all
disasters is a sudden and unexpected event and an undeniable reality of
life. It can occur anywhere, any time and at any scale causing irreversible
damages to human life, environment and property. It is not possible to
prevent fires totally, but it is always possible to respond quickly to fires and
minimize the effects by fire preparedness (Yalazi, 1998).

Fire preparedness of a city or locality can be measured severally in terms
of “education and training level of the population and emergency

»

personnel’, “preparation of emergency plans”, “identification of the degree
of fire risks that the population is subjected to”, “the ability of response
units to provide timely response”, “availability of equipment” etc. (Emelinda
and Shashi, 1995). However, evaluation of the ability of response units to
provide timely response is a primary consideration and has a basic role in
fire preparedness. Because time has a vital role in fire and directly affects
the growth of fire, the opportunity for a successful rescue and the level of
losses. In the case of a fire, the temperature in a closed space can go
from two or 300 degrees to 1200 degrees quicker than a snap with fingers.
That's why, the ability of response units for a quick response can mean
the difference between losing a life or saving a life or loosing a room or
losing the whole houses of a street (ESRI public safety literature,
http:/iwww.esri.com/ industries/public_safety/fire.html visited on 11.10.01).

This study aims to measure and evaluate fire service accessibility within
critical response time thresholds and to determine the zones based on
critical fire response time in Cankaya district of Ankara. Analysing fire
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service accessibility would enable us to understand the ability of response
units to provide timely response, would open a road for the estimation of
critical zones, determination of critical places in critical zones such as
governmental buildings, big commercial and market places, hotels,
hospitals, student dormitories etc. and would enable responders to take
effective precautions in order to minimise the possible losses (Los Osos
South Bay Fire Department, http://www.losososcsd.org/firedept.html#
Response visited on 11.9.02)

3.2.2.Critical fire response time thresholds for evaluation of fire

service accessibility

After fire ignition, there is three important phase in the fire process.

The first phase includes the first 20 or 30 minutes time in which fire
response units can intervene a fire from the interior of the building and the
most important period for the fire extinguishment. If emergency units
respond to fire in this phase, the losses of people and property can be
minimized.

Fire accelerate exponentially until reaching a critical point called flashover
which occurs when a fire generates enough heat and combustible gases
to cause almost explosive fire conditions (Figure 3.1). At the end of this
phase there is no oxygen inside and the interior degree is nearly 200
degrees. When victims are considered, a quick response in this period
significantly improves chances of a successful rescue and it must also be
considered that if a person has stopped breathing, brain damage from
oxygen deprivation begins within 4 minutes (Yalazi, 1998; Los Osos South
Bay Fire Department, “http://www.losososcsd.org/firedept. html#Response”
visited on 11.9.02).
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The second phase in fire process starts at the end of the first 20 or 30
minutes. When the first phase is exceeded, it is rather difficult to control
the fire. The fire completely covers the space and spread out of the other
parts of the building. The temperature increases to 400 degrees in earlier
than 20 minutes and some explosions can occur. It is rather dangerous for
fire response units to intervene a fire from the interior in this period. The
fire come into contact with open air and within a 10 minutes time it reaches

a temperature of 500 and upper degrees.

After 40 or 50 minutes in second phase, the third step starts in which fire
response units can not intervene a fire from the interior of the building and
the fire starts to threaten the other buildings with a 600 and upper
degrees. The dominant aim of response units in this phase is to control the
spreading out of the fire and to prevent a possible collapse (Yalazi,
1998).

Temperature °C
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Figure 3.1: Time-temperature curve of fire in confined spaces

Source: (Shields and Silcock, 1987)

When fire process is investigated, approximately the first 20 or 30 minutes
can be accepted as the most effective threshold time to respond to a fire

and initiate an interior attack. That's why, the fire response activities of;
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“reporting of fire to the fire department and fire alarm”, “departure from the
emergency service and arrival to fire area” and “intervention to fire and
extinguishment activities” must be achieved during this 20 or 30 minutes in
order to minimise the losses. However there is an important point that
must be taken into consideration. One third of this 20 or 30 minutes (5 —
10 minutes) is the time that generally passes for the report of fire to the fire
department and fire alarm. In this case there is only maximum 20 minutes
time left to intervene a fire. Furthermore the used materials in many

buildings necessitate to be responded less than 20 minutes (Yalazi, 1998).

3.2.3.The standards in fire response time

In the light of the above mentioned facts about fire, National Fire
Protection Association (NFPA)3, including more than 75,000 individuals
from around the world and more than 80 national trade and professional
organizations, suggested a maximum national fire response time standard

that fire departments can take into consideration which are;

e torespond to a fire and initiate an interior attack within maximum 10

minutes of the call for service,

e to answer all emergency calls within maximum 60 seconds, and

e to dispatch other appropriate resources to those calls within

maximum 60 seconds if necessary (NFPA Codes and Standards

3 NFPA is an independ voluntary, pi ization that periodically revises and develops national
standards on virtually every aspect of fire and rescue services. A worldwide leader in providing fire, electrical,
and life safety to the public since 1896. The mission of the international nonprofit NFPA is fo reduce the
worldwide burden of fire and other hazards on the quality of life by providing and advocating scientifically-based
consensus codes and standards, research, training and education (National Fire Protection Association, “About

NFPA" http:/Awww.nfpa.org/Home/AboutNFPA/index.asp visited on 12.08.02)
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http:/lwww.nfpa.org /Codes/index.asp visited on 12.08.02; National
Public Employer Labor Relations Association, http://www.

npelra.org/articles/nfpa.asp visited on 15.10.02).

These maximum standards which are suggested in meeting of NFPA are
vital standards to minimize the losses of fires. However a reality must be
pointed out that it is impossible for all fire services to accept and put these
uniform fire response standards into practice because of critical
differences in local geography, huge variations in settlements of rural and
urban, and differences in staffing (paid and volunteer), and in equipment.
Deciding a unique fire response time standard for every fire service is like
deciding how many police officers a city should have, based on the

number of residents and the number of crimes.

Targeting a response time standard for a settlement's fire service depends
not only on the technical matters but also the policy decisions
appropriately made by decision makers who reflect the unique needs
characteristics and budget of each community. The decision of setting a
response time standard affects the number of station, equipment and
staffing. If having a faster response time is aimed, more stations closer to
fires must be located, better transportation network must be organized and
more budget is needed to build, staff and to equip the stations (National
Public Employer  Labor  Relations Association, http:/lwww.
npelra.org/articles/nfpa.asp visited on 15.10.02).

3.2.4.Precautions that can be taken according to the results of fire

service accessibility in fire preparedness

Evaluation of the results of fire service accessibility would open a road for
the estimation of critical zones, determination of the critical places in
critical zones such as governmental buildings, big commercial and market
places, hotels, hospitals, student dormitories etc. and would enable
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responders to take effective precautions for these areas and places in
order to minimise the possible losses. These precautions can be

summarized as:

e Strengthening or building new fire stations closer to inaccessible

areas,

* Deployment of fire stations in order to minimize inaccessible areas
(Distribution of current fire staff and equipment into smaller and

widespread stations considering critical areas),

* Replacement or deployment of critical facilities if necessary,

e Improving transportation network from fire stations to inaccessible
areas (new traffic arrangements for example organizing emergency

bands on roads to speed up response),

* Improving the fire resistance of buildings and physical structures,

e Improving fire communication opportunities,

o Legislative obligations for improving fire resistance of buildings by

using fire resistant materials in constructions,

¢ Legislative obligations for building fire warning systems (alarm) and
fire sprinkler systems (automatic fire extinguishment systems) in

constructions (especially for inaccessible areas),

e Legislative obligations for fire insurance in critical areas (Yalaz,
1998, UWDMC, http://dmc.engr.wisc.edu/ courses/aimscope /AAQ2-
intro.html visited on 7.11.02).
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CHAPTER 4

CASE STUDY: MEASURING FIRE SERVICE ACCESSIBILITY IN
CANKAYA DISTRICT OF ANKARA

The chapter starts with a general description of the study area, including
“why Cankaya district is selected as a case study area?” and continues
with the general description of Ankara Metropolitan Municipality of Fire
Department. Then the general spatial and non-spatial data contents about
the study area and the basic steps of the exercise are described,
including digitizing, registering, updating, editing and building of the
database for measuring accessibility (reclassification of roads, adapting

restrictions, establishing average speeds etc.).
4.1.Description of the study area

The city of Ankara is the second biggest city of Turkey with a population of
more than 4 million people. Ankara is governed by the Ankara greater
metropolitan municipality, including 8 main metropolitan districts, which are
Cankaya, Yenimahalle, Kegitren, Altindag, Mamak, Sincan, Etimesgut
and Gélbasi (see Figure 4.1).

Cankaya district is one of the oldest districts of Ankara with a plane area of
12.699 hectars, with 102 quarters and 3 villages (Figure 4.2) and with a
population of 769.331 people according to the results of 2000 census. It is
differentiated from the other districts by its historical development and its

urban services such as public buildings, big commercial and market
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places, residences etc. There are nearly 350.000 dwelling units and
70.000 commercial offices and 11 hospitals, 166 primary education
schools, 35 high school, 8 universities and 2 academies within the borders
of Cankaya district (Cankaya municipality web page, http://www.cankaya-
bld.gov.tr/cankaya_rakamlar.asp visited on 31.03.2003).

20 Kilsmeters

Figure 4.1: Study area, Cankaya district of Ankara

Cankaya district has nation-wide importance including the main central
business district, Kizilay, main administrative center of Turkey with the
national assembly, presidencial palace, prime ministry, ministry buildings
and embassies of 107 countries. It is also an educational center with its

nation-wide university campuses (Sarikaya, 2001).
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Figure 4.2: Quarters of Cankaya district

Source: Ankara Metropolitan Municipality Office of Information Systems, 2002

The district is mainly composed of residential areas with 30% and forest
areas with 27%. The other usages in the district are administrative usages
with 8,5%, military usages with 6,5%, commercial usages with 3,16%,
parks and green areas with 2,6, dam with 1,24 and etc. (Figure 4.3).
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Figure 4.3: Landuse in Cankaya District

Source: Ankara Metropolitan Municipality Office of Information Systems, 2002
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Table 4.1: Total area of landuse types in Cankaya district

LANDUSE SUM_HECTAR(hectar) Percentage(%)
Residence 3899,94 30,43
Forest 3582,89 27,96
Vacant area 1770,74 13.82
Administrative 1070,77 8,36
Military 842,29 6.57
Education 618,21 4,82
Commerce 405,59 3,16
Parks-green zones 333,40 2,60
Dam 158,37 1,24
Industry 89,11 0,70
Atatiirk Forest Farm 44 51 0,35
Health 0,11 0,00
TOTAL 12815,93 100,00

4.1.1. Why Cankaya District as case study area?

Cankaya district is very convenient for “measuring fire service accessibility

and defining critical areas that cannot be accessed within critical time

thresholds” because of the following reasons;

Cankaya district contains mostly critical usages of Ankara in fire
point of view such as big residential areas and forest areas,
administrative areas, educational areas, military areas, big
commercial areas and market places etc.

Cankaya district has nation-wide importance including the main
central business district, Kizilay, main administrative center of
Turkey with the national assembly, presidential palace, prime
ministry, ministry buildings and embassies of 107 countries. It is

also an educational center with its nation-wide university campuses.

Cankaya district is an intersection point of 4 different fire
responsibility zones which are Head office (iskitler), Kurtulug, Esat
and Gdélbagi responsibility zones and in responsibility of 6 different
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fire brigade services which are Head office, Kurtulus, Esat, Golbasi,

Asti, and Kosk fire brigades (Explained in detail in Section 4.2).

4.2. Ankara Metropolitan Municipality of Fire Department

The responsibility of fire protection and rescuing, taking necessary
measures against fires, rescuing the citizens in accidents and other
emergency situations and organizing training programs against fire threat
is assigned to municipalities by Law of Municipalities no 1580 in Turkey
and in metropolitan cities this responsibility is executed by Metropolitan

Municipalities pursuant to Law of Metropolitan Municipalities no 3030.

When the structure of Ankara Metropolitan Municipality of Fire Department
is analysed, Head office of Ankara Fire Department in iskitler (Ankara
Buyuksehir Belediyesi itfaiye Daire Ba§kénl|§|) is the head and the most
authorized unit of Ankara fire department and reports to the Mayor of
Metropolitan Municipality of Ankara. There are 13 fire brigades reporting to
Ankara Metropolitan Municipality Head office of Ankara Fire Department:
Sincan, Batikent, Keciéren, Altinpark, Siteler, Kurtulus, Kale, Kayas, Esat,
Kosk, Golbas!, Asti, and Esenboga (Figure 4.4).

4 of the 14 fire brigade units, namely Asti, Késk, Esenboga and Kale fire
departments, are special departments and only responsible from their
specific areas which are historical Kale region, Presidential Palace,
Ankara Intercity Bus Terminal, and Esenbog@a airport. The other 10 fire
brigades are responsible from the fires that take place in their fire
responsibility zones of Sincan, Batikent, Kegidren, Altinpark, Siteler,
Kurtulus, Kayas, Esat, Gélbasi, and iskitler (head office) as shown in
Figure 4.5.
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Figure 4.4: Fire Brigades of Ankara

Source: Ankara Metropolitan Municipality Office of Water and Infrastructure, 2002
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Figure 4.5: Fire Responsibility Zones in Ankara

Source: Ankara Metropolitan Municipality Office of Water and Infrastructure, 2002

When Cankaya district is focused, the district is under the responsibility of

6 different fire brigade services which are iskitler (head office), Kurtulus,

Esat, Golbasi, Asti, and Késk fire brigades (Figure 4.6). iskitler, Kurtulus,
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Esat and Gélbasi fire brigades are the main units that serve Cankaya
district and the other two brigades of Asti and Kdésk have special
responsibilities as described above. It can also be observed that fire
responsibility zones don't overlap with the district borders and have their

special forms based on transportation network of Ankara.

€ Gilbasg

@ Fire services
Roads
Fire service resp. zones

n Cankaya distnct

Figure 4.6: Fire Responsibility Zones in Cankaya District

Source: Ankara Metropolitan Municipality Office of Water and Infrastructure, 2002
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4.3.Case Study Flowchart

The flowchart below shows the steps of the study:

Measuring Fire Service Accessibility

< Literature survey

Defining the basic data and the basic steps for measuring accessibility

v

Data collection

v

~ Data conversion

Registration
Digitizing (updating)
Editing

v

Reclassification of roads

Adapting restrictions

Establishing average speeds

Accessibility analyses

*  Crifical Urban Areas That Cannot Be Accessed In No Way By Fire Services
e Critical Urban Areas That Cannot Be Accessed Because of Current Fire Responsibility Zones

A
Results

Critical Landuse and Services in These Critical Areas and Necessary Precautions That Must Be Taken

Figure 4.7: Case study flowchart
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4.4. Data Collection and the Basic Steps in the Study

As described in Section 2.7, most of the effort required for an accessibility
analysis is associated with data collection and processing, rather than the
analysis. The basic steps and database components of measuring
accessibility by isochronal technique in GIS are studied in the review of

literature on accessibility and can be summarized as follows:

o Collection of the street data as transportation element’,

e Collection of land use data and location of critical services data as
activity elements (fire brigades, hospitals, educational buildings

residences etc.).

e Collection of legal borders of fire responsibility zones, districts and
quarters,

¢ Classification of roads according to their types,
 Establishing average speeds according to the road classifications,
o Establishing traffic restrictions and,

* Defining critical time thresholds regarding fire service accessibility (5

minutes, 10 minutes, 15 minutes etc.).

At the end of these phases, measuring fire service accessibility in

isochronal technique can be performed.

1 Transportation and activity elements are the two main database components of measuring accessibility.
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4.4.1. Data Collection: The General Spatial and Non-Spatial Raw Data
Contents in the Study

After the definition of the basic data and the basic steps for measuring
accessibility in isochronal technique, the next step is data collection. By
the help of the “Ankara Metropolitan Municipality Office of Information
Systems”, “Ankara Metropolitan Municipality Head office of Ankara Fire
Department” and “Ankara Metropolitan Municipality Office of Water And
Infrastructure”, the raw data needed for this study are compiled and listed
below in Table 4.2.

Table 4.2: Raw Data About The Study

Name Scale | Year | Format/Type | Content Source
Transportation | 1/25000 | 2000 | Digital mapinfo Name, P /:nkar;
i i letropolitan
network_1 file-polyline Type, Municipaitty Office
All roads of Water and
Infrastructure
Transportation | 1/25000 | 2000 | Digital mapinfo Average Ankara
network_2 file-polyline speed, Metrepalitan
o Municipality Office
Main roads Name. of Informiation
Systems
Fire service 1/25000 | 2002 | Digital mapinfo | Fire service i /(\nkarl_a'a
E e etropolitan
location file-point Name. Municipaity Office
of Water and
Infrastructure
Fire 1/25000 | 2002 | Digital mapinfo | Fire service . /?nka;;
responsibility file-polygon resp. zone pcropcian
zones name. M”g?,'@:{ﬁ ;’n’ﬁ“
Infrastructure
Landuse Map | 1/50000 | 2002 | Digital mapinfo Landuse . ef‘\nkarla
ropolitan
of c;}_:zaquaya file-polygon type. Municipaiity Office
istrict of Information
Systems
Health 1/25000 | 2002 | Digital mapinfo Name, i ?"kar?
Services file-point Quarter. fesfopotiar
(hospitals, M“g?,'@:{ﬁ‘,’ ;’,,fg“
health centers) Infrastructure
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Table 4.2: Raw Data About The Study (continues)

Name Scale | Year | Format/Type | Content Source
Security 1/25000 | 2002 | Digital mapinfo Name, Ankara Metropolitan
services (police file-point Quarter. MU"K:,'VP:";Y! g‘f;‘lee of
stations) Infrastructure
Education 1/25000 | 2002 | Digital mapinfo Name, Ankara Metropolitan
services file-point Quarter.. (" Muceaity Oiceicf
(SChOOIS’ Infrastructure
colleges,
universities)
Buildings 1/1000 | 2002 | Digital mapinfo Usage. Ankara Metropolitan
(public buildings file-poly Munlf;vp:g ggce of
rgs:denqes, Infrastructure
industrial
buildings)
Border of 1/25000 | 2002 | Digital mapinfo District Ankara Metropolitan
Districts and file-poly name, i cionity g}fsﬂg o
quarters Quarter
name.
Restrictions on - 2003 | (paper format) Oneway Ankara Metropolitan
main roads restrictions (| Municipaiity Head
g office of Ankara Fire
og::jim Department
Avarage - 2003 | (paper format) Average Ankara Metropolitan
e spoetson | TSR,
on fire brigade roads by Department :
driver fire truck.
experiences
Ankara 1/25000 | 2000 | (paper format) All roads Ankara Metropolitan
transportation and their Municipality Office of
electric, gas and
map types. public transport
]

4.4.2. Data Conversion

In the beginning of the study, most of the data obtained from “Ankara

Metropolitan Municipality Office of Water and Infrastructure (ASKi)’ and

“Ankara Metropolitan Municipality Office of Information Systems” were on

map-info file format and had extensions of “map” and “tab”. These data on

map-info file format had to be converted to Arcview shape file format (.shp)

in order to be able to measure fire service accessibility by using Arcview

Network Analyst extension of Arcview 3.1 software.
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All data in map-info file format were exported to mif format (map info
interchange file format) and then converted to Arcview 3.1. shape file

format by using “mif to shape conversion tool” of Arc Toolbox software
(Figure 4.8).

Length S 7r adt
Polyline_| 60563 45930 45831 3067872 0 A -
Polyline ! 60570 4574 4533 58.15963 5 i S.Kusdemir Sokak ==
Pahline ! 60571 4553 4593 140.47603 41 Kazakistan Caddesi
Polline § 60572 4593 45929 4376143 4;6.Cadde S
Palyline | 60573 4556 45933 131.00000 5:5.Cadde =
Dahd ine GNR74 ARRE1 ARG2A 13K 10ARA R IR Qaloal. |

4 13

Figure 4.8: Transportation Network data_1 after mif to shape conversion
(all roads)

4.4.3.Registration and Digitizing

After data conversion process from map-info tab file to arcview shape file,
most of the work was about the transportation data, which can be

considered as the main data in accessibility studies.

The transportation data including all roads needed to be updated and

4l



corrected in order to be used in accessibility measurement process. In this
respect, two Ankara transportation maps in paper format showing the road
connections and classifications, were scanned in 24 bit true color, in 200
dpi resolution by AO scanner, saved in jpeg raster file format in order to be
used as background objects for updating process of transportation data
(Figure 4.9).

Figure 4.9: Two Ankara transportation maps in paper format

Before using the scanned Ankara transportation maps as background
raster object in Arcview environment, registration process was made and
scanner coordinates of the raster images were transformed to their real
UTM coordinates by using “imagewarp extension” of arcview software
which is a useful tool for registration of raster objects by using vector

objects (Figure 4.10).

For each raster transportation map, eight intersection points of roads are

defined by the help of the vector transportation network data and used as

registration reference points. Three pairs of the reference points were

selected from the external corners of the raster maps and the remaining

points were selected from the internal parts of the raster maps in order to
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obtain homogeneous distribution of reference points (Figure 4.11; Figure

4.12).

18]
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Figure 4.10: Imagewarp 2.0 extension of Arcview 3.1 software

registration process
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|

Vector transportation data on its real UTM coordinates

Figure 4.11. The distribution of reference points on raster maps for
registration process
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Figure 4.12: Raster Ankara transportation maps after registration process

After the registration process, Arcmap 8.1 software of ESRI is used in
digitization process. At the end of the digitization, polyline topology was
rebuilt by Arc toolbox software in order to obtain “record number”,
“from_junction”, “to_junction” information of transportation data which were

necessary data for measuring accessibility (Figure 4.13).
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Figure 4.13: Digitization process by Arcmap 8.1 and the use of Arc
Toolbox software for rebuilding polyline topology

4.4.4. Editing and Building the Database

The next three steps after updating process of transportation data, are
reclassification of roads according to their types, adaptation of traffic
restrictions to transportation data and establishing average speeds for

roads according to the road classifications in the database.
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4.4.4.1.Reclassification of Roads According to Their Types

The initial data obtained from Ankara Metropolitan Municipality Office of
Information Systems had classification information of the roads according
to their types but it was not for the whole region of Cankaya district and

there were some mistakes about it.

Therefore, a new field “type” was added to transportation database and
transportation data was reclassified according to types of roads as below
by the help of the pre-registered raster background object of Ankara
transportation maps (Figure 4.14; Figure 4.15). The database codes of
‘07, 17, “2°, '3, “4” and “5” were entered to database to represent
“crossroads”, “highways”’, “state roads”, “boulevards”, “avenues”’ and
“streets” respectively as in Table 4.3.

Table 4.3: Records of the “type” field in the transportation network

database

Road type Database code

Highways

State roads

Boulevards

Avenues

Streets

Ol O] Al W N =~

Crossroads

7T




Figure 4.14: The newly added “type” field and its records in transportation
network_1 database
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16 Kilometers

Road Types
—1_Highway
2_State Roads
— 3_Boulevard
—— 4_Avenue
5_Street
0 _Crossroad

Figure 4.15: The Query of Road Types after Final Classification

Source: Ankara Metropolitan Municipality Office of Information Systems, 2002

4.4.4.2.Adapting Main Restrictions to Transportation Database

After reclassification of roads according to their types, oneway streets
which were obtained from Ankara Governership Traffic Commision Of
Administrative Province” on 31.01.2003 (Table 4.4) and turn restrictions on
separated state roads were adapted to the transportation network

database.
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4.4.4.2.1.Adapting one-way restrictions to the database

A new string field “oneway” was added to transportation network attribute
table and oneway restrictions (see Table 4.4) were represented by the
string values of “FT”, “TF”, “N” and “ " in order to restrict travel to certain
directions as in Table 4.5; Figure 4.16.

Table 4.4: Oneway restrictions on main streets based on “Ankara
Governership  Traffic Commision of Administrative Province” on
31.01.2003

Oneway Restrictions On Main Streets

Esat Street Oneway To Cankaya Direction

Resit Galip Street Oneway To Ulus Direction

Nenehatun Street Oneway To Cankaya Direction

Tunali Hilmi Street Oneway To Esat Intersection On Both Side

Biilbiilderesi Oneway To Cankaya Direction

Kenedy Street Oneway To Kizilay Direction

Baglar Caddesi Oneway From Esat Intersection To Ulus Direction And Oneway From
Esat Intersection To Cankaya Direction

Basgavus Street Oneway To Ulus Direction

Tahran Street Oneway From Nenehatun To Kavaklidere Direction

Billur Street (Abanvay Street) Oneway From Kugulupark To Esat Direction

Biiklim Street Oneway From Tahran To Tunali And Oneway From Akay To Tunali
Direction

Ballibaba Street Oneway To Cankaya Direction

Portakal Cicegi Street Oneway From Hosdere To Ulus Direction

Paris Street Oneway To Ulus Direction

Kuveyt Street Oneway From Ayranci To Ulus Direction

Ahmet Mithat Efendi Street Oneway From Cankaya To Vali Konagi Direction(Not
Found In Street Database)

Ahmet Rasim Street Oneway From Cankaya To Dikmen Direction

Giileryiiz Street Oneway From Ulus To Cankaya Direction

Mesrutiyet Street Oneway From Kizilay To Esat Direction

Mithatpasa Street Oneway From Kocatepe To Ulus Direction

Bankalar Street Oneway From Esat To Ulus Direction

Kizilirmak Street Oneway From Kocatepe To Dedeman Direction
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Table 4.4: Oneway restrictions on main streets

based on “Ankara

Governership Traffic Commision of Administrative Province” on

31.01.2003 (continues)

Karanfil Street Oneway From Mesrutiyet To Dedeman Direction

Konur Street Oneway From Cankaya To Mesrutiyet Direction

Hatay Street Oneway From Mesrutiyet To Ulus Direction

Selanik1 Street Oneway To Cankaya Direction

Doktor Mediha Erdem Street Oneway To Cankaya Direction

Haci Road Oneway From Biilbiildere To Baglar Direction

Baglayan Street Oneway From Biilbiilderesi To Baglar Direction

Dalkiran Sokak Oneway To Mesrutiyet(Not Found In Street Database)

Askabat Street Oneway From 7" Street To Besevler Direction

Azerbeycan Street Oneway From Besevler To Ismet Inénii Direction

Table 4.5 Records of the “oneway” field in the transportation network

database

Restriction type

Database code

Travel is permitted from the start to the end

of the line only, which is the same as the FT, ft
digitized direction

Travel is permitted from the end of the line to

the start of the line only, which is opposite the it
digitized direction

Travel is permitted in neither direction; the S

line is closed to travel

Travel is permitted in both directions Any o

ther value or no data
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Figure 4.16: The newly added “oneway” field and its records in
Transportation network_1 database

4.4.4.2.2.Adapting turn restrictions to the database

After adaptation of oneway restrictions to transportation database, turn
restrictions on separated state roads (Table 4.6) were adapted to the
transportation network database. A new database table named
“turntable dbf” was created and the fields “node_”, “f_edge”, “t_edge” and
“seconds” were added to this database in order to set turn restrictions on
separated state roads (Figure 4.17).
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Table 4.6: Turn restrictions on separated state roads

Roads

Turn restrictions on separated state

roads

Eskisehir State Road

Turn to all directions is possible on 5
intersection points on Eskisehir State
Road within borders of Cankaya district
which are Konya, Soégutézu, Metu,
Bilkent, Hacettepe intersections. Only
right turn is possible according to traffic
direction because of traffic separation.

Konya State Road

Turn to all directions is possible on 9
intersection points on Konya State
Road within borders of Cankaya district
which are Akkopra, Celal Bayar,
Incitasi, Béhg:elievler, Hipodrom,
Eskisehir, Cetin Emeg, Karakusunlar,
Turan Gunes intersections. Only right
turn is possible according to traffic

direction because of traffic separation.

Ankara Transit Highway

Tumn to all directions is possible on 4
intersection points on Ankara Transit
Highway within borders of Cankaya
district.
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Figure 4.17: Newly created turntable database file to set turn restrictions

on separated state roads

F_node, t_node and record_id information were refreshed by a built-in
script in Figure 4.18 to use in the Arcview 3.1 environment. Related
junctions and line segments, where the turn is prohibited, were selected
one by one and entered to the database of transportation network’s
turntable as explained below;

e The field “node_", includes the topological f_node or t_node records
of the transportation network database.
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e The fields “f_edge” and “t_edge” includes the record_id values of
transportation network database and represents the record_id of

line segments where prohibited turn would be set and;

e The field “seconds” is the turntable’s cost field and represents if the
turn is prohibited or not. The numeric records of any value less
than zero (<0), zero (0) or any value equal to or greater than zero
(>0) can be used in “seconds” field. If the value is zero or under
zero, it means that, turn is prohibited for that turn and if the value is
above zero, it means that, turn is not prohibited for that turn, but
there is a turn cost represented by that value.

This script copies over node numbere from modes. a

numbers to the line theme feature table. It adds fislds called RECORDA,
' FJUNCTION, and TJUNCTION to the line thems feature table. A metwork

' index directory must exist for the network thems bofore rumning this

" seript.

' Get the view and the network theme. Substitute aViewName for the name
' of your view, and aThemeName for the name of your network theme.

aView = av.GstProject.FindDoc ("viewl")

aNotworkTheme = oView.FindTheme (“rosdcankayat.shp”)
aNatworkThameFTab = eNetworkTheme.GetFTab

' Get the nodes.dbf file, make the VIab cbject, and get its fislds

aNa! ndexDir = Theme.AsString.Substitute("shp", "nws")
aNodeFile = FN.Merge(eNetworkIndexDir, "nodes.dbf")

aNudeVTab = VTab.Make (aNodeFile, false, false)

aFjunction = aNodeVIab.FindField("Fjunction")

aTjunction = aNodeVTIab.FindField("Tjunction")

' Add Record#, Fjunction, Tjunction fields to network theme Fleb

aRecordField = Field.Make("Record#”,#FIELD_LONG,12,0)
aFjunctionFisld = Field.Meke("Fjunction®,#FIELD_LONG,12,0)
aTjunctionfield = Field .Make("Tjunction” 4FIELD_LONG,12,0)
aFleldList = {aRecordField,aFjunctionfield,sTjunctionField}
aNetworkThemeFTab .SetEd1 table (True)

aNotworkThemeETab . AddFields (aFieldlist)

' Use nodes.dbf to populate Rec#, Fjuaction, Tjunction

Count = 0
for each r in aNetworkThemeFTab

aFrcmiodeliumber = alodeVTab.ReturnValueHumber{aFjunction,Count)

aToNodeNumber = sNodeVTak,ReturnValuellumber (sTjunctio:
aNetworkThemeFTab.SetValueNumber (aF junctionField,r, of; ods
aNotworkThemeFTab . SetValuelumber (aTjunctionField.r, eTollodetinber )
Count = Count + 1
eNetworkThemeFTab .SetValueNunber (aRecordField,r,Count)

end

aNetworkThemeFTab .SetEditable (Folse)

< 1»(

Figure 4.18: The built-in script, used to produce “record_id" “from_node”
“to_node” information for the turntable

Lastly, the built-in script shown below was ran, in order to adapt this newly
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produced turntable to the main transportation network data.

scr1p ta g this scr y
ve a pm;srt open with a mn-.uble and a v\er open wuh a n!thrk theme. °

' Get the view and the network theme. Substitute aViewame with the name of
' your view and aThemeName with the name of your network theme.

aView = av.GetProject.FindDoc("viewl”
SNotworkTheme = aViow.FindTheme ("readcankayatd.ehp®)

* Make the network definition object
aNetwork = av.Run(“Network .detNetwork" . {aNetworkTheme})
aNetDaf = aletwark.GetNatDaf

' Get the turntable and declare it. Substitute aTurntableName with the name
' of your turntable.

aVIab = av.GetProject.FindDoc("turntable43.dbf").GetVieh
aDeclaredTurnteble = aNetDef .SetTurnVTab (aVTab)

' Make sure the turntable has been properly daclared

1f (sDeclaredTurntable) then
MsgBox. Info("Your turnteble has been declared”."Turatable status")

wlse
MsgBox.Info("Unable to declare turntable”,“Turntable status")

end 3

« of

Figure 4.19: The built-in script used to declare the turntable to network

» database

4.4.4.3. Establishing Average Speeds According To Road

Classifications

In editing phase of the study, the next step was the establishment of
average speeds according to the road classifications. There were two data
about the average network speeds, one of which is the transportation
network data of Ankara Metropolitan Municipality Office of Information
Systems (Transportation network data_2) (Figure 4.20) and includes the
average speeds for the main roads, and the other one is the average
speed data based on fire driver experiences obtained from iskitler Fire
Brigade.
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Figure 4.20: Transportation network data_2 of Ankara Metropolitan

Municipality Office of Information Systems

However, the transportation network data_2, including the average
speeds, was not the main transportation network data and had to be
connected with the main transportation network data_1. Therefore, a new
database file was created with “the name fields of the both transportation
data” and “the average speeds calculated from transportation data_2" and
it was linked to the main transportation network data, data_1, by the name
field “tr_adi” which is the only unique common field between attribute
tables. An important step in this linkage process was the correction of the

name fields in order to be the same with each other (Figure 4.21).
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Figure 4.21: The new database file, created to supply the connection

between the transportation data_1 and the average speeds on main roads

When the average speeds according to classification of roads are

compared,

‘the average speeds obtained from transportation network

data_2" were nearly the same with “the average speeds obtained by an

interview with iskitler fire brigade drivers” as shown in Table 4.7 and Table

4.8. Therefore, the average speeds based on both sources were accepted

as final average speeds to use in measuring accessibility (Table 4.9).
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Table 4.7: Average speeds on normal traffic conditions based on the study

of Ankara Metropolitan Municipality Office of Information Systems

Road types Average Speeds In Normal Traffic
Conditions

Highways 80 km/h

State roads 55 km/h

Boulevards 38 km/h

Avenues 31 km/h

Streets 21 km/h

Table 4.8: Average speeds based on an interview with iskitler fire brigade

drivers

Road types Average Speed In Average Speed In | Average Speed In
Heavy Traffic Normal Traffic Light Traffic
Conditions Conditions Conditions

Highways 65-75 km/h 80 km/h 85-95 km/h

State roads 40-50 km/h 50-60 km/h 60-70 km/h

Boulevards 30 km/h 35-40 km/h 45-55 km/h

Avenues 20 km/h 30 km/h 40 km/h

Streets 10-15 km/h 15-25 km/h 30 km/h

Source: Interview with fire-fighters Mustafa Irmak and Nevzat Kaleli, Chiefs of the iskitler, Head office of Ankara
Fire Department on February 2003.

Table 4.9: Final accepted average speeds based on fire driver

experiences and the study of Ankara Metropolitan Municipality Office of

Information Systems

Road types Average Speed In Average Speed In | Average Speed In
Heavy Traffic Normal Traffic Light Traffic
Conditions Conditions Conditions

Highways 70 km/h 80 km/h 90 km/h

State roads 45 km/h 55 km/h 65 km/h

Boulevards 28 km/h 38 km/h 48 km/h

Avenues 21 km/h 31 km/h 41 km/h

Streets 11 km/h 21 km/h 31 km/h
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Finally, three new database fields called “speed_ht" (speed in heavy traffic
conditions), “speed_nt" (speed in normal traffic conditions) and “speed_It"
(speed in light traffic conditions) were added to the database and these

average speeds were entered to the database of the transportation

network data as shown in Figure 4.22.
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Figure 4.22: The database of the main transportation network after the
creation of speed fields “speed_ht", “speed_nt" and “speed_|It"

4.4.4.4.Calculation of cost values as transportation network
impedance values

After the establishment of the average speeds in the database, the last
step to measure isochronal accessibility in GIS environment is the
calculation of the transportation network cost values for light, normal and
heavy traffic conditions.

Three new fields called “seconds_ht" (cost of traveling in heavy traffic),
“seconds_nt" (cost of traveling in normal traffic) and “seconds_It" (cost of
traveling in light traffic) were added to the main transportation database
and the field calculator of the Arcview 3.1 software was used to calculate
the cost value (time) in seconds, for traveling from one point to another on
transportation network as in Figure 4.23.
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Figure 4.23: Calculation of the cost values in seconds in Arcview field
calculator

The formula of [Shape].Returnlength / (( speed value) * 0.277) was
calculated for the cost fields, where “[Shape].Returniength” is the length of
each network segment in the network database, “speed value” is the
average traveling speed in km/h for each network segment and 0.277 is a

constant to turn the speed values in kilometer per hour (km/h) to meter per
seconds (m/s).

The final cost values in the main transportation network database after the
calculations are shown in seconds unit in Figure 4.24.
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Figure 4.24: The final cost values of “seconds_ht", “seconds_nt" and

“seconds_|t" in the main transportation network database
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CHAPTER §

THE RESULTS: MAPPING ACCESSIBILITY

In this chapter, fire service accessibility is measured and evaluated by
isochronal technique, using GIS technology on a case study of Cankaya
district of Ankara and inaccessible areas according to critical time

thresholds are discussed.

As described in the previous sections, most of the effort required for an
accessibility analysis is associated with data collection and processing, not
simply with the analysis. After completing all prepatory steps for measuring
fire service accessibility in isochronal technique, the final step is to
measure and evaluate fire service accessibility for critical time thresholds
of 5, 10, 15, 20 and 20+ minutes for three traffic conditions of heavy,
normal and light traffic.

Therefore, this section includes the fire service accessibility analyses, their
results and precautions in Cankaya district of Ankara including;

e critical urban areas and facilities that cannot be accessed in no way

by fire services within critical time thresholds,

o critical urban areas and facilities that cannot be accessed within
critical time thresholds because of current fire responsibility zones
of fire services and proposals for fire service responsibility borders.
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Two important points to be considered for the accessibility analyses are
that;

e the critical urban areas and facilities that cannot be accessed in no
way, are obtained by the accessibility analysis with no
consideration of fire responsibility zones, and

e the critical urban areas and facilities that cannot be accessed
because of fire responsibility zones are obtained by accessibility
analyses with consideration of fire responsibility zones as described
below.

5.1. Accessibility Analyses with No Consideration of Fire
Responsibility Zones

In this part of the study, critical urban areas that cannot be accessed in no
way by fire services within critical time thresholds are analysed without
considering fire responsibility zones.

Fire service accessibility is measured for critical time thresholds of 5, 10,
15, 20 and 20+ minutes for three traffic conditions of heavy, normal and
light traffic (see Figure 5.1, Figure 5.2, Figure 5.3) and critical quarters,
landuse and services are evaluated for the threshold of 10 minutes in

normal traffic conditions as an example.
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Figure 5.1: Fire service accessibility in heavy traffic conditions
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Figure 5.2: Fire service accessibility in normal traffic conditions
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Figure 5.3: Fire service accessibility in light traffic conditions

97



In order to obtain critical area and facilities from the accessibility maps by
overlay analysis, the accessibility maps in polyline format are converted to
polygon format as in Figure 5.4 by “create contours” command in the

“surface menu” of Arcview 3.1 software.

@ Fire brigades
D Cankaya district
I S minutes accessibility
10 minutes accessibility
15 minutes accessibility
9 20 minutes accessibility
20+ minutes accessibility

Figure 5.4: Fire service accessibility for normal traffic conditions in polygon
format

When the accessibility maps of heavy, normal and light traffic conditions
are examined, 20,46% of the district can be accessed within 10 minutes in
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heavy traffic conditions, 40,77% of the district can be accessed within 10
minutes in normal traffic conditions and 62,75% of the district can be
accessed within 10 minutes in light traffic conditions (Table 5.1). Even in
light traffic conditions, the whole district of Cankaya cannot be accessed
by fire brigades within National Fire Response Time standards of 10
minutes.

Table 5.1: Total accessed area by fire brigades in Gankaya district under
different traffic conditions

Time In Heavy % In Normal traffic | % In Light traffic | %
traffic

5 minutes 710 ha 5,61 [ 1498 ha 11,83 | 2385 ha 18,84

10 minutes 2590 ha 20,46 | 5162 ha 40,77 | 7944 ha 62,75

15 minutes 5665 ha 44,75 | 9699 ha 76,61 | 11244 ha_ 188,82

20 minutes 8570 ha 67,69 [ 11594 ha 91,58 | 12644 ha 99,87

Cankaya district total plane area: 12660 ha

When normal traffic conditions are taken into consideration and the areas
that have 10 minutes and above fire service accessibility are considered
as critical areas in respect of fire response, the critical quarters, landuse
and services in these critical areas can be analysed by the help of the GIS
technology.

When critical quarters, obtained by selection of central points of quarters
that are not within 10 minutes accessibility polygons, are analysed, 29 of
102 quarters have more than 10 minutes accessibility by fire services.
Some of the widely known quarters in the critical zone are Dikmen,
Ovegler, Ségitdzii, Oran, Ortadogu, Keklikpinari, Karakusunlar, llker, Ata
and Gukurambar quarters as shown in Figure 5.5.
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Figure 5.5: Critical quarters in respect of fire response in Cankaya district
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The critical landuse types, obtained by intersection of landuse data and 10
minutes accessibility polygon data, mainly comprises forest areas with
2988 hectar (39,55%), and residential areas with 1366 hectar (17,88%).
The other critical landuse types in the district are administrative usages
with 795 hectar, educational usages with 507 hectar, military usages with
246 hectar, and etc. (Table 5.2; Figure 5.6).

Table 5.2: Total area of critical landuse types in Gankaya district

LAYER SUM_HECTAR (Hectar) | PERCENTAGE (%)

Forest 2988,90 39,55
Vacant areas 1366,43 18,08
Residence 1351,13 17,88
Administrative 795,25 ' 10,52
Education 507,04 6,71
Military 246,60 3,26
Dam 142,60 1,89
Industry 64,71 0,86
Commercial 40,22 0,53
Atatlirk Forest Farm 39,73 0,53
Parks-Green Zones 14,65 0,19
TOTAL 7557,24 100
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It is also possible to analyse the critical areas in building detail by selection
of buildings that are not completely within 10 minutes accessibility
polygons (Figure 5.7). Nearly %37 of residential buildings, %36 of public
buildings and %70 of industrial buildings in Cankaya district cannot be
accessed by fire brigades within NFRTS of 10 minutes (Table 5.3).

@ Genel Mudiriok

Figure 5.7: Buildings in critical areas
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Table 5.3: Number of buildings in critical areas

Building type In Gankaya | In critical areas | Percentage
district (%)

Residential

. 61862 23048 37,25
buildings
Public buildings 8038 2965 36,88
Industrial buildings | 779 550 70,60
Other (un-known) 1353 575 42,49
Total 72032 27138 37,67

When critical education, health and security services are analysed; it can
be said that there are some critical services, as compiled below, which
cannot be accessed by fire brigades within NFRTS of 10 minutes (Figure

5.8).

e 3 of 8 universities, which include Middle East Technical University,

Bilkent University and Hacettepe University

e 44 of 150 schools, which include among others, Tevfik Fikret
Primary School in Mustafa Kemal quarter, Bilkent High School in
Ortadogu quarter, Balgat Technical High School in Ovegler quarter,
ODTU Private High School in Ortadogu quarter, Bilim Private High
School and Ayseabla Private High School in Karakusunlar, Sevgi
Private High School in Dikmen quarter, Ar Private High School in

Cukurambar, (Figure 5.9)

e 3 of 16 health centres, which include Mustafa Kemal health center
in Mustafa Kemal quarter, Yuziinctyil health center in Ortadogu
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quarter and Cevizlidere health center in Cevizlidere quarter (Figure
5.10) and

e 1 of 11 police department which includes Dikmen Police Station in

Osman Temiz quarter (Figure 5.11).

Securily services
Health certers

Educational services
-« Fire brigades
[ Cankaya district
10 minutes accessibility
Reads

Figure 5.8: Security, health and educational services in critical areas
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Figure 5.10: Health centers in critical areas
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Figure 5.11: Security services in critical areas

5.2. Accessibility Analyses with Consideration of Fire Responsibility
Zones

After the accessibility analysis which fire responsibility zones were not
taken to consideration, in this part of the study, critical urban areas that
cannot be accessed within critical time thresholds because of fire

responsibility zones are analyzed.

Firstly, fire service accessibility is measured for critical time thresholds of
5, 10, 15, 20 and 20+ minutes for normal traffic conditions for each of the
fire brigades separately (see Figure 5.12, Figure 5.13, Figure 5.14, Figure
5.15). Then, critical zones that cannot be accessed because of current fire
responsibility zones are analyzed and new fire service responsibility
borders are proposed for Cankaya district of Ankara.
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Figure 5.12: Fire service accessibility of Head office fire brigade
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Figure 5.13: Fire service accessibility of Kurtulus fire brigade
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Figure 5.14: Fire service accessibility of Esat fire brigade
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Figure 5.15: Fire service accessibility of Gélbagi fire brigade
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When the accessibility of each fire brigade are examined separately in
their responsibility zones (Table 5.4), 20,11% of the total area of head
office fire responsibility zone are in accessed part of the responsibility
zone. The rest of the area consisting Ortadogu, Mustafa Kemal,
Gokkusag! Karapinar and Akpinar quarters cannot be accessed by head
office fire brigade within thresholds.

91,94% of Kurtulug fire responsibility zone are in accessed part of the
responsibility zone and only a total part of 8% of Boztepe, Asagi Imrahor,
and Orta Imrahor quarters, cannot be accessed by Kurtulus fire brigade
within thresholds.

46,92% of Esat fire responsibility zone are in accessed part of the
responsibility zone. The rest of the area consisting north part of Oran
quarter, Dikmen, llker, Ata Huzur and Keklikpinari quarters etc., cannot be
accessed by head office fire brigade within thresholds.

26,96% of Golbas! fire responsibility zone are in accessed part of the
responsibility zone and the rest part of the zone, Oran and Asagdi Dikmen,
quarters, cannot be accessed by Gdélbas! fire brigade within thresholds.
However the results in Golbas! responsibility zone shows difference from
the other responsibility zones and mostly depends on the the restrictions
on south Ankara transit highway.

When the total accessed area within thresholds in Cankaya district is
analysed, 37,09% of the total area can be accessed within 10 minutes in
normal traffic conditions. However it was 40,77% of the total area in
accessibility analysis considering fire responsibility zones (Table 5.6) and
it means that nearly 4% of the Cankaya district can be within NFRTS of 10
minutes, by small changes in fire responsibility zones.
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Table 5.4: Total accessed area by fire brigades in normal traffic conditions
by considering fire responsibility zones in Gankaya district

Fire responsibility zones | Total % Total %
responsibility Accessed
area (hectar) area
within 10
minutes
Head office service area 4901,94 | 38,72 986,14 20,11
Kurtulus service area 727,58 5,75 668,96 91,94
Esat service area 5740,04 | 45,34 2693,29 46,92
Golbas! service area 1290,13| 10,19 347,86 26,96
Total 12659,69 100 4696,25 37,10

By the help of the overlay analysis between fire response zones and
accessibility analyses, the regions that cannot be accessed because of

current fire responsibility zones can be extracted as in Figure 5.16 and

Figure 5.17.
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Figure 5.16: Fire service accessibility of Head office, Esat and Gélbasi fire

brigades within 10 minutes
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Figure 5.17: Fire service accessibility of Kurtulus, Esat and Gélbasi fire

brigade within 10 minutes
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According to the results, a total of 314,81 hectars which 95,76 hectars in

Head office fire responsibility zone (Region1) and 219,10 hectars in Esat

fire responsibility zone (Region2) can be more quickly accessed by

Golbasi fire brigade (see Figure 5.18). An enlargement in fire responsibility

zone of Gélbasi fire brigade in a way that contain these areas, can open a

road to increase the total amount of areas within NFRTS of 10 minutes.

Inaccessible areas because of current fire responsibility zones

) 3 [} 9 Kilometers

@ Fire brigades
[ Fire responsiblilty zones
01 Areas that can not be accessed within 10min.
because of current fire resp.z. N

{771 10 minutes accessibility zone

%/ Roads y

© 7 Areas that can not be accessed w E
within 10 minutes 0

S

Region1: Areas in Head office fire
responsibility zone but accessed
by Gaélbas: fire brigade within 10
minutes

Region2: Areas in Esat fire
responsibility zone but accessed
by Golbas fire brigade within 10
minutes

Figure 5.18: Inaccessible areas because of current fire responsibility

zones

When the districts, more quickly accessed by Gélbag! fire brigade are

analysed; Oran, Dikmen, Keklikpinari Gokkusagi Akpinar and Karapinar

quarters are not within Golbas! fire responsibility zone but can be

accessed more quickly by Gélbasi fire brigade as seen in Figure 5.19.
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Figure 5.19: Inaccessible districts because of current fire responsibility

zones

It is also possible to analyse inaccessible areas in building detail (Figure
5.20). Nearly 900 residential buildings, 1 industrial building and 35 public
buildings could be accessed within 10 minutes, if Golbasi fire responsibility
zone is enlarged in a way that contain the inaccessible areas.
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Figure 5.20: Inaccessible buildings
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When the landuse types which are inaccessible according to current fire
responsibility zones but can be accessed within 10 minutes by Gdlbasi fire
brigade are analysed; there are 78,61 hectares forest area, 161,5 hectares
residential area, 3.26 hectares administrative area, 1,55 hectares parks
and green zones and 70 hectares vacant area as in Figure 5.21; Table
515
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B Unused areas
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Figure 5.21: Inaccessible landuse types because of current fire

responsibility zones
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Table 5.5: Total area of inaccessible landuse types because of current fire

responsibility zones

Landuse type Total area (Hectar)
Forest - 78,61
Vacant areas 69,89
Residence 161.5
Administrative 3,26
Parks-Green Zones 1,56
TOTAL 314,81

When the educational, health and security services which are inaccessible

according to current fire responsibility zones but can be accessed within

10 minutes by Gélbas! fire brigade are analysed; there are 5 primary
education schools; Akpinar, Fatih Calda, Mehmet Igkale, Stileyman Uyar

and Oran, 1 health center; Akpinar health center and 1 police station;

Mustafa Diizgiin Police Station as in Figure 5.22.
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Figure 5.22: Inaccessible health, education and security services because

of current fire responsibility zones
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CHAPTER 6

CONCLUSIONS

The aim of this thesis was to measure the fire service accessibility in
Cankaya district of Ankara by using GIS technology. Measuring fire
service accessibility would enable the decision makers, who are local
authorities including civil defence, fire service providers, department of
planning, to understand the ability of response units to provide timely
response, would open a road for the estimation of critical zones according
to critical response time thresholds, determination of critical buildings,
landuse and services in critical zones and would enable responders to
take effective precautions in order to minimise the possible loses. That is
why fire service accessibility is a vital concept in fire preparedness and
has a leading role in reducing casualties.

The study mainly tried to find out the answers for the following questions in

order to be able to take necessary precautions for fire preparedness;

e Which parts of the Cankaya district could not be accessed by fire
brigades within critical time thresholds?

e Which critical urban services (education, health etc.) are found in
these critical areas?
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In this respect, the study consisted of a review of literature on accessibility
and preparedness. The review of the literature about accessibility in
second chapter was used to understand and define the accessibility
measures, measurement techniques and database components of
accessibility. The main focus in the study was on fire service accessibility
concept; therefore, the review of the literature about fire preparedness in
third chapter was handled generally, in order to understand the critical fire
response time thresholds. The review of the literature about fire
preparedness also helped to understand what extent the accessibility
results could be used as a baseline to take precautions and to reduce the
probable losses in inaccessible areas according to critical response time
thresholds.

When fire process is investigated, approximately the first 20 or 30 minutes
can be accepted as the most effective threshold time to respond to a fire
and initiate an interior attack. However one third of this 20 or 30 minutes (5
— 10 minutes) is the time that generally passes for the report of fire to the
fire department and fire alarm. In this case there is only maximum 20
minutes time left to intervene a fire. Furthermore the used materials in
many buildings necessitate to be responded in less than 20 minutes (10-
15minutes). In the light of the above-mentioned facts; the critical threshold
for fire response was accepted as 10 minutes which is also maximum
NFRTS, suggested by NFPA.

Chapter five presented the final fire service accessibility analyses and their

results in Gankaya district of Ankara including;

» critical urban areas and facilities that can not be accessed in no
way by fire services within critical time thresholds, (these areas
were extracted by accessibility analyses without considering fire
responsibility zones) and
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» critical urban areas and facilities can not be accessed within critical

time thresholds because of current fire responsibility zones of fire
services (these areas were extracted with considering fire

responsibility zones) and proposals for fire responsibility zones

When accessibility analyses with no consideration of fire responsibility

zones are considered, main findings of the study, extracted from the

accessibility analyses can be gathered under 7 headings;

When the accessibility maps of heavy, normal and light traffic
conditions are examined, 20,46% of the district can be accessed
within 10 minutes in heavy traffic conditions, 40,77% of the district
can be accessed within 10 minutes in normal traffic conditions and
62,75% of the district can be accessed within 10 minutes in light
traffic conditions. Even in light traffic conditions, the whole district of
Cankaya can not be accessed by fire brigades within NFRTS of 10
minutes.

In normal traffic conditions;

ii.

29 of 102 quarters have more than 10 minutes accessibility by fire
services. Some of the widely known quarters in the critical zone are
Dikmen, Ovegler, So6gutézu, Oran, Ortadogu, Keklikpinar,
Karakusunlar, llker, Ata and Gukurambar quarters,

The critical landuse types which have more than 10 minutes
accessibility by fire services are mainly formed by forest areas with
2988 hectar, 39,55% and residential areas with 1366 hectar,
17,88%, administrative usages with 795 hectar, educational usages
with 507 hectar, military usages with 246 hectar, and etc. in
Cankaya district,
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vi.

Vil

3 of 8 universities, which include Middle East Technical University,
Bilkent University and Hacettepe University can not be accessed in

no way by fire brigades within NFRTS of 10 minutes.

44 of 150 schools which include among others are, Tevfik Fikret
Primary School in Mustafa Kemal quarter, Bilkent High School in
Ortadogu quarter, Balgat Technical High School in Ovegler quarter,
ODTU Private High School in Ortadogu quarter, Bilim Private High
School and Ayseabla Private High School in Karakusunlar, Sevgi
Private High School in Dikmen quarter, Ari Private High School in
Cukurambar can not be accessed in no way by fire brigades within
NFRTS of 10 minutes.

3 of 16 health centres, which are Mustafa Kemal health center in
Mustafa Kemal quarter, YUzincayil health center in Ortadogdu
quarter and Cevizlidere health center in Cevizlidere can not be
accessed in no way by fire brigades within NFRTS of 10 minutes

and

1 of 11 police department which is Dikmen Police Station in Osman
Temiz quarter can not be accessed in no way by fire brigades within
NFRTS of 10 minutes.

When accessibility analyses with consideration of fire responsibility zones

are analyzed in normal traffic conditions, main findings of the study,

extracted from the accessibility analyses can be gathered under 4

headings;

A total of 314,81 hectares of which 95,76 hectares in headquarter
fire responsibility zone and 219,10 hectars in Esat fire responsibility »
zone, can be more quickly accessed by Gélbas! fire brigades within
NFRTS of 10 minutes,
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ii. Oran, Dikmen, Keklikpinari Gokkusagi Akpinar and Karapinar
quarters can be accessed more quickly by Gélbasi fire brigade,

ii. 78,61 hectar forest area, 161,5 hectar residential area, 3,26 hectar
administrative area, 1,55 hectar parks and green zones and 70
hectar vacant area can be accessed more quickly by Gélbag! fire
brigade by an enlargement in fire responsibility zone of Gélbag! fire
brigade,

iv. 5 primary education school Akpinar, Fatih Calda, Mehmet Igkale,
Sileyman Uyar and Oran, 1 health center, Akpinar health center
and 1 police station Mustafa Diizgiin Police Station can be
accessed more quickly by Gélbasi fire brigade by an enlargement
in fire responsibility zone of Gélbasi fire brigade.

Throughout the study the objectives of the research are achieved. The
main findings of the study that gained from the evaluation of accessibility
maps can be useful for fire departments for focusing on areas or zones
that are inaccessible within critical time thresholds and can be used by
decision makers to take effective precautions in order to minimise the

possible loses in fire case. These precautions can be summarized as:

> Strengthening or building new fire stations closer to inaccessible
areas,

> Deployment of fire stations in order to minimize inaccessible areas
(Distribution of current fire staff and equipment into smaller and

widespread stations considering critical areas),

» Replacement or deployment of critical facilities if necessary,
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Improving transportation network from fire stations to inaccessible
areas (new traffic arrangements for example organizing emergency
bands on roads to speed up response),

Improving the fire resistance of buildings and physical structures,

Improving fire communication opportunities,

Legislative obligations for improving fire resistance of buildings by
using fire resistant materials in constructions,

Legislative obligations for building fire warning systems (alarm) and
fire sprinkler systems (automatic fire extinguishment systems) in
constructions (especially for inaccessible areas),

Legislative obligations for fire insurance in critical areas.

The results of accessibility analyses created for Cankaya district of Ankara
was site specific. Because it was built with the local values and inputs of
the district. However the measures, measuring techniques, data and the
general steps for measuring accessibility can be adapted to elsewhere for
different aims and studies.

This thesis can be improved by several further studies gathered under five
headings:

In this study, only restrictions on main roads could be taken into
consideration because of the size of the data. The further step can
be editing of the database for traffic restrictions of all roads.
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ii. In this study, the average speeds obtained from Ankara
Metropolitan Municipality Office of Information Systems and from
the interview with fire truck drivers from Head Office of Fire
Brigades (iskitler) were used. It would increase the reliability of the
study to use more detailed average speeds based on local traffic
analyses for all roads in different time periods of the day.

ii.  Inthis study, separated roads had to be represented by single lines
and turntables were used to adapt turn restrictions to the database
because of the structure of the road data, obtained from Ankara
Metropolitan Municipality Office of Water and Infrastructure. In
further studies it would be better to represent separated roads by
double lines in the database. Because representation of separated
roads by double lines in the network can enable more realistic
network analysis.

iv.  The comparison of the accessibility maps with the actual response
time recordings of fire brigades would be useful to understand the
reliability of the results in further studies (for example, the response
time record of Iskitler fire brigade for a fire in mechanical
engineering department of METU was 15 minutes on 13.10.1998 at
09:15pm and this result overlaps with Iskitler fire brigade isochronal
accessibility map in normal traffic conditions as in Figure 5.12).

v.  Inthis study, only Gankaya district could be taken into consideration
and analysed because of time and data size restrictions. It would be
better and more meaningful to analyse accessibility for the whole of
Ankara city, including all districts and by comparing all fire
responsibility zones.

| believe that; this study can be accepted as a first step for building a more
comprehensive fire management system and can be developed by further
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database improvements. For example; the developed study can be used
as a part of a decision support system and help local authorities to
manage fire related resources (human, vehicle etc.), to make prequeries
for nearby places of the fire area, to analyse the fire service responsibility
borders, to analyse the location of new fire brigades (for example the
question of “What would change if one of the locations of fire brigade was
changed?” or " What would change if another fire brigade was added?”
can be answered). It can also provide a basis for an interactive route
finding system that will allow fire services to assess, compare and select
routes through urban areas (for example the question of “From which
route in the city do fire service units have to travel to reach fire incident
area?” can be answered easily).

As a final finding of the study, it can be easily pointed out that the
contributions of GIS_based factors to the accessibility analyses were
considerably great and essential. Using GIS in measuring accessibility will
contribute to decision makers, responsible for planning, with the ability to
visualize, organize and manipulate large volumes of spatially referenced
data, and understand geographic patterns and trends that would otherwise
be difficult to comprehend. GIS has a lot of strong capabilities in
calculating the distances or costs in the spatially referenced transportation
data, building regulations of streets such as one-way streets, closed
streets, overpasses and underpasses, estimating driving times based on
actual speeds of vehicles and the delays in intersections, extracting
spatially referenced accessibility information from the databases,
presenting accessibility results with opportunity of different scales and
resourceful colour and figure choices.

It must never be forgotten that the success in all professional branches,
related with geography, relies heavily on the success in collecting,
structuring, evaluating and presenting the geographical information.
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