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A Study of Road Network Vulnerability due to Floods:
A Case Study of Hat Yai District, Songkhla Province
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ABSTRACT

As a result of the rapid growth of urbanization, risk of flooding in Asian developing
cities has been increasing. Following the 2000 and 2010 heavy floods in Hat Yai district,
there have been some attempts to prepare evacuation plans. However, there is still a
knowledge gap in regards to the optimum evacuation strategy. Application of transport
knowledge to identify weak road sections or links in Hat Yai road network has never been
done before.

This research aims to determine the vulnerability of Hat Yai road network, as a case
study, due to flooding. The research consists of four main objectives, namely: 1) to study
travel behavior and pattern of movements before, during, and after a major flooding; 2) to
develop a travel demand forecasting model; 3) to analyze the vulnerability of Hat Yai road
network; and 4) to propose flood-preparedness related measures and policies.

To achieve the objectives, the researcher firstly reviewed literatures on traffic and
transport models of the study area and the definition and index of network vulnerability.
Secondly, information about the study area, e.g., population, road network, and traffic data,
were collected. Traffic survey was also conducted on fifteen major intersections and six
important links. The survey collected traffic data during morning and afternoon peak
periods. In addition, the study conducted questionnaire survey in order to investigate the
travel and evacuation behavior of 1,600 samples in the study area. Householders were
asked about their evacuation behavior before, during, and after the flooding. Then, the
traffic and transport model of the study area was developed based on the information
collected. Next, road network vulnerability was analyzed to provide the list of critical links.
Finally, appropriate evacuation routes and flood-preparedness related policies were
proposed.

The researcher expects that this research could provide an appropriate evacuation
strategy for Hat Yai community and concerned authorities through proposed sustainable

policy recommendations on road network improvement and design against future event.
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g Honshu

Honshu Tsunami
g Hurricane
Kobe

Wenchuan....

Kobe earthquake

Estimated damage (US$ billion)

Wenchuan earthquake

Year

Ul 1-2 anudevemaasvgiaanfeitimesssuaseningd ae. 1975-2011
fiun: CRED (2012)
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[ ==
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—
L

Average people exposed per year

19,279,960
15,859,640
3,972,502
3,403,041
1,765,674
1,101,507
819,822
788,572
579,732
444,450
390,594
333,224
265,260
233,320
226,622

Country
Bangladesh

India

China

Viet Nam
Cambodia
Indonesia
Thailand
Philippines
Pakistan

Myanmar

United States of America
Nepal

Brazil

Russian Federation

Nigeria

JUN 1-3 Anadednuiuduszavanniudetlulsemeniieg

#17: UNISDR (2009)
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Average GDP! exposed per year

21.86
12.58
9.74
9.39
4.72
4.56
4.17
3.09
2.57
2.21
2.18
1.98
1.84
1.82
1.76

Country
United States of America

China
Bangladesh
India
Germany
Japan
France
Thailand
Philippines
Viet Nam
Argentina
United Kingdom
Spain
Netherlands
Canada

1 In billions USS

JUT 1-4 yarady GDP deUnamidsaingnnielundazUseine

#17: UNISDR (2009)
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Jagdudslivsinginlalinisihaansa1uiaingsunisasasuasvudiunInsenaulszu
(Vulnerability analysis) veslassinanisasiasuazauds Tnsanglassdeauuluituidssdot
VUUBISUNDUIA LY
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Boyce (1998) lAluuuudaasdinsun1snInn1saluas nensaiusuIuaI LA 9INISIANN I

Twilas (Urban travel demand forecasting models) eanlu 3 Uszan laun

® Trip-based models \unuudtassiioguuiiugiuremguinisiioneduilan
(Consumer choice theory) FIWALINIIINLUIAAAULATHFANEASHALTNINGT Lag
WAFUUINIUNTAUNIS (Trips) VOIUAAZAU LazazNITUNTRINNALUNNTIAN

LAUNNIINNOANTTUVBIUBALINLDUNTIAUNLUTEUUMEY

® Activity-based models unuudiaesiimunnainuuifniugimansuyed lag
WAURAN5AINTSUYINISIRUMadunan F9Ranssusanailsnswaunaintlade

AIUATIIDU LU UL WO ANTIN wasUfduiusvesaundnluniiiseu

® Equilibrium-based models 1 unuus1aeesfinauINIINLUIAAF1UN15ITE
fuiuau lngfinsaneuaugavesnsidenmafuniseusaszaudainanseny

WIpU duiussenIiunelusEuUnIRlATIYIEN13TITLAL VLA
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3end1 wuudiansIan1salALfeInIsHuNIUY 4 Juneu (Four-step travel demand
forecasting model) Usznause
®  AFUATILYNSIAANISIAUNIG (Trip generation analysis) Wun1sainnisaidiuau
AsLRun1efiAngu (Production trips) Tundaziiufides (Zone) wardruaunis
\Aumsiirspauingusiasitufiden (Attraction trips) vesiufiAnuiavsn
e N15ATILNNIINTEANBNSAUNNS (Trip distribution analysis) 1un1sAuIaLile

PIINUIUNNTHUNITENI R NUNE DN g TUNUNA NN

* MsiAsIERNsEENIULUUASIAUNIS (Modal split analysis) tunisiuaiite
mdnduasnadenldsuuuuniemadenlumafiuma (Mode) sesrinausaziiui
dorneluiiuiiing

®  AFIATIERNITHINUIINITLAUNIS (Trip Assignment Analysis) Lﬁuﬂ'ﬁﬁwmmtﬁa
maﬁ’mfmmslﬁumwaﬂLwiazgﬂl,w'umnﬁumqﬁé’mwuuﬁmLé’umaﬁtf‘?}amia

JEUINAAUNUaneva (Origin-Destination %se OD) Anelunufdnu

pg13l3AnL Tuluu1a09ANADINTAUNILUY 4 Tupoud 9@y U Junauaas Trip
generation analysis ag Trip distribution analysis @11150530 AUl Lazl3enLUUIIaeIN

SUAUTIN BUUTIADIANUABINTTLAUNIUUTIN (Combined travel demand model) A9uan3

Tuguil 2-1

: : Zonal data and
Trip generation

aggregated

Trip distribution B demand study

Revealed/Stated

Preference survey /

Congestion

Logit model
Networks

feedback loop

juswalinbai ejeq

T -Highway

-Public transport

Trip assigsnment

E‘Uﬁ 2-1 1AS9a5 19989 UUTNADIANUABINISIAUNILUUTIN

P3n: ao1TuAeianIsaUUSEwA e (2553)

NsAnwIANTIRUYRdlATIgauuAINgNndY: nslAnwidnnevialvgy Jwinaal 2-2



FeuasUHan1TITeatuauysal

gﬂﬁ 2-1 LLam‘ﬁagaﬁﬁ’]Lﬁuiu%gumauﬁiwq6’] VDIUUUTIABIAUADINITLAUNITLUUTIY Uag
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v a - a, A a A a Y & Y ¢
FoFUA MIAUMANENUYIR/ANeY MTAuMLieRansTudunuIng Wuau 3lsad, 2544)
woN3INY NMTAALALAUAANITAUNIEIEINITTIMUNANANUIAAKALAUGANTT

Wumnslsidu 2 ngu (v, 2555) laun

o v [

1) nsAuneiiduRusfufiwnende (Home-Based trip, HB) A9 N15LAUNIIN

[
a o

isuduvegaduaaLiuiinede

9

2) MsiAumenliduiusiufnneds (Non-Home-Based trip, NHB) Ao n1siAunig
nlaifiyasusunsogadugaduiiinende

1%
=

ag1alsfiniy wuudrassaudesnsiiunisaulng ivmutululsemalne Wy
LUUs1a8e Extended Bangkok Urban Model w3o eBUM fistaiuntulnsdrinsunlouiouay
WNUASVUEILALRI19T (@uw.) TaRasunUseinnvesnisiiuniseandu 4 Ussian (e, 2555)
laun

1) msiunsfidusiusiuinnenfeuasfivineu (Home-Based- Work, HBW)

v fou A o

2) msiurnsiiduiusfufisnendeuazan ufnen (Home-Based-Education, HBE)

v & v

3) msdueiduiusfuiiinendouasfidu Aldleivineusazaaufinw (Home-

Based-Other, HBO)

Y

0) msumeiladsiusiuninnede (Non-Home-Based, NHB)
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2) Fusnuszanuuudiuun (Cross classification) luABfdwunnsEumMlmndy
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i Snuderdeluaiiuzou el Snsnisaseuaseseumviuy Wudu lneus
agsfuusargnutsmooniduseiusneg smussmanzay Geazenderuduius
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anuanney Selasvialudeslduvudassnanesidadunuuny (Linear multiple
regression model) 1185U18AMUFUNUTTZWINAWUIAIY (FIUIUNTNAANTE
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Arszsimuuuiiassmuannes wdthuuudaesdildluannisaisiuiunnsg
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Ald918) seminaguosiiuigos (Radunistudatsnng) A1menIanszatsnBAuNIeEINIT
ihiaueldlusuresmnaunindiiusznaudeAeamsnisuunmsdumaiiietussrinsgadu
NAVUAENI WIDL38NAATI9AINETIT OD trip matrix

Tunsa13 OD trip matrix TlndiRssiunsnszaefvasmsiiunmessduiiuiidne
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[y | a

Y395ARAYYDITLELIA M UNNSAUNIS ARSI UANLRABAS I UNUNANWI UL 1591 (2544) way

v
Yo A

il (2555) IeeBuneisadenldlnoanansaaguléead
1) 3Buuudiaesirusznauainuiiule (Growth factor model) LUNATAIWIIMA
Uinumsnszaediresmaidumamndannsiulafiaaiesiniuluewian
Tnglideyannnisdrnamaiumsssminegadumsiuuanemvesiufidnyily
PHagdundedgruumanisaisuiunisidunisiiasiiniululouwian nns
Arspiuainnmamdasnisveieilagiedsveinisiduniedediuialdain
dndrudnnunmadumnduditmnefuduunmsdumeagtu ndutdngm
mMsvenedildngaiunumMaiumasningadunaazatoneynglul
Jagtuauldmaumsidumaiisnadnasiniy
2) FBuuudiaewsaliugag (Gravity model) {w3Ewn OD trip matrix IneUszendld
nqusltiudisvesindu Fefansananuduiusseninednunniunisuag
srogmdlumsifiunsiinsfsgassninsgafumaiazgaUatonausaze 353
Usznaude 3 dupeu fo tumend 1 1unisfmmumsuumaiiansiiunis
LAYNTANANNITALTNITBILA AT By Tumeudl 2 umssuaFuyuly

N1 AUNNTENINIUTgRe (Raaun1azynvateni) Ineldnssuiunism

a

dUN19NFUNgn (Shortest path algorithm) v3aLIaluNISIAUNISIENINIUAAY

o—

nungeedesiian warlmanlauiA1uiuminisenuldfganisiiunis

[ '
1 A ]

5¥NINNUNYo831N Deterrence function FIUaAIAIINTBULNIVOIAUNUATS
AUV IWIUNSAUNN waztuseauil 3 Wunsthdwiunsiiouazdugnnis
Funsvetuiaiungesnlaantunaui 1 kagn13194ANUAINANITLAUNTS

319N UNGDENTUADUN 2 u1nszarelu OD trip matrix Iaely Fumness
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method TuN1sUSUAI9INANSIINTLAEASLAUNS L AADAAABINUTIUIUNITLAA

LAENSAIgANITRUNIIvaLasuTIgas IelinasinvesduIunsauniely

Y

WNYRAUNI LAY KaTINveIT UM RAUIEWnaUaenig

q
1
a v £ ¥ ¥ A

INITNIADIT190U ITUUUI1a0IIUsENaUAULAULATITeRney A 913kudIu1sn

agfiounuRATENIIundesagstnauiotnlilifiansundadenfmanisiumesening

¥ '
A A v a

WungaemaniasaunluIsusadduais wiinnsannisveemandeyanisiaunisludagdu davn

a0

ToyAUNEILVBINTNNSRUINSEWIRNUTgaTidet (Prior OD trip matrix) dAndugud n1sld

[
=

WUUI1ABIAUTENBUANNLAULA I AIL150AIANITAIINUIUNISAUNIIN AL RATUL AL D991 N

[ € o U Aa

apsliAniiuaud dmsuisusddualtaudenaiianugeintidutunounisminiimeniig

o)

& A ¢ N 1o

ﬁqamwdwww LAISHINAMANITU YT AL Z ALV INUNTITNARDTIUIUNITNTEINY

Ya o =€ A

fpsmaiiiunng dafu ideTadenlditustudidlunsised
2.1.3 MFAATITVNIERNFULUUNSALNNG

MsiAsgsinsdenguuuumsiiums WunsAnwfiemdndruvesgunuunde
MadeNYBINTVUAIUTHLANGS LT SosusdILyana vde salasansansisas Tasvhdeyails
NNMsETIImgAnssunsidengUiuunsiiune Ssaunsaaeuanunsdnduladonsuuuunis
wuneiitleglutlagtiulaeltiuuasunsuuy Revealed Preference (RP) vidoaouaumssndula
Fonsuuuunisidunisiianintulueuenlagldiuvasuniuuuy Stated Preference (SP) u3e
oA adialunsoenLUUABUN AR ST ey elluagfuTngUszasdues
N3N

Tayarlaainnisdrsradisnuaviunldlumsimuinuudiasenisifensluuunis

=

1fiuma (Mode choice model) Fafimadialunissimuinuusiasteguansds uidsidesldodne
WHSUATY D UUTIaUY Logit Iagmniuuinaasfiana il UkuunIsaum1e 2 nauden (W
sneusiduyeaa solnsansans1any) BenuuusiassUszaniii Binary Logit Model (BNL) usif
sUBUUNISHUNaENnnndt 2 maden Wy saguRduyAna salagansasnsue vse salin)
L’%aﬂl,mmi’waawizmwﬁd’] Multinomial Logit Model (MNL)
nsiRengUiuUNsRunsliaudTusiuaURIATa A JULIUNTALNNG 1oy
AnuRsgavessUuunniunaiug aunsnialdluguresessavsslovivioanataluzuves
Fununaiun1esn Fedsenaudedunu 2 @ fe dunuaildae Wy ddhdudomds e
Ungesnen Alagans Wusdu way Auvudiunma Wy natlunisiunis nansesunmug [usy
MnuansETas U musndndldlunisonewdeutviawesnuided wud daw
IneySovay 78.45 QualAUNIIAILIOEIUAT (SONTEUL 33.7%, SOINTUIULUA 26.52%, UagIaLng

18.23%) difigeogay 11.05 wirlunldsalagarsaisisae (Fnq aeiad wagsag) uazieuas
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10.50 T¥n15iAwin Felugraraimananiviniildsadlrudilunisensmdusiuiunineiadaali

Y

A U

AndynIn19931950UL7 19U N15951950ATR 1309URI19T uvibrldarunsaenenliegiad
UszdnSam dedulunudded iTedaiasanadiuuuinaesmsaunisdmiusadiuiiiiiiu
A e a a dy £ ] v & [y 1 [ a v a

WeAnwinansenuiinduaingldsadiudntundn egrdlsinnu nmsidelusuianalsiiansanse

lpgansans1saeiy e liluuTasenIsiunenseungunsideunviugngUkuUY

2.1.4 MIUATIZINITUINUINITAUNG

NIATIEINITHINEIINITAUNG LTUNMITRITIMIAEDNTRUFUNIITEN IR VDS
fufigesluiiuiidne Tnsfinnsanaindeyasuguasd (Demand) wagdiuguviu (Supply) 109
1ATIUENTLAUNI mimzmaGTWaﬂU‘%mmmi@umﬂuma3ﬁﬁmq53%dwa@maqﬁuﬁéaa1§u%
finrsanmuguuuumaAumnsiegluguresfununsfums wu natlunmsidums Aldanglu
naLAune vieruazaanauts Wudy sasisRarsandoyanuuluudazdisnuy (Link) ded
AnuduiusAulaidudunumsfiunsiioglusuves szagma U3nmnnseas uay ANNgauY
(1w, 2555)

MILANLAINEAUN AT wiidumadenlunisiiums Wevndumaiifiduyu
Tumsiiumsiniign Ssanasadnaldlaenismeaauga (Equilibrium) vesiumulunisifiums
voswsiaztsouilulassionuy Tnedunulunsifiunsdrunilseglusuvesnandlilunisfiums
Asa1l (2544) IFosuneBBAllunsinmginisuanuasmaiuma @il

1) 35 All or nothing L9uATwanuwasUsuunIsAun1suulassngauulaelden

Fumaiduiigadslifiarsananmnisindaresnisasas vnearaiifitunis
wdinsRnsudunmainiiduiian viedealdiiedesiian lidnsesasee
Radnunniiosfiniy Fdliaonadostuamiuats Ae Tassrsouudiiuiua

113951939184 Azdamaliiszeziainisiaumaindudailinalunisiunig

'
a v A

diutuey FeiAumneasdnauladsudundwidodiuiian masasmuu

Fu faiiu 38 Al or nothing Sumnziulaseneauuiiilaninnisasiasinade

2) 3% Wardrop’s equilibrium 18u35sinsfiansananimnisesasiidusss lavay
WYB1AMAALAATEIUTUINUNITITITUUIATIVIBAUL LAZUUIANAATI
meldanmnsanasiegluanitzaunadeeguulassoauuiifinuuesn ozl
flafiansnsoandunulunisdunsddlaonaudeudume G35 dondendnnis
flilassdeauuinanuaunalaeigidunmanengmidenidunsiidunuly
mMsiiuneiige sulifdlaanunsaanduunisifumalddnmuuuinudn

199U
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3) 75 Probit Stochastic User Equilibrium (Probit SUE) LUU3571Wmu1siae0nN1a1n

ax s . A Y o o a o Yy & Y
i Wardrop S equ|l|br|um L'W'E]amsl]@‘ﬂ']ﬂﬂiuLi@\‘iﬂ']ﬁﬁ'UiG]UVJUﬂqiLﬁ@ﬂLﬁu‘V]'N

Y

VRIELAUNI Lasnusazauliausasunsudeyanisiiuneiiauysailite

v Aa

snauladondumdld iliianueaaedeufndulunsinduladendunis
38 Probit SUE Fstiwmannisvesnnuiiaziluunyssyndldlnedauufigiuin g
Aunsaunsauidoyanaivendunismsiumsvesniduniafienleq
sgrhageadums-Uanevnsiiu Tnsnndunsiflenafiazgridenatiainfioudu
Fearfinrsananaliniueuvesnisivideyanmafiundlusuvesaaninazdy

Tagldiuuianasy Probit

'
aaa o

Tagagun153Asein1swanuasnIsiung \Wudsivinlisivanimnisesnasuu

lasananisasiaswazauds Juduilsddunfiauduiusivanugouy USinunisiung was

4

Aurulun1siiunig andsmsalaesuiedneiu §33818enld38 Probit SUE Tuduneunisinsien

N134aNKAINTAUNN Weosanlulagiuiinunslunundnwdintinnuliuuusuindulunis

Y

virnasusedeyanisiaunislulasiiigauuvesiundnw luinesluginiaiunfdsenad

guin1sainvilinisasnasintanseiinAnnuarditunisiunie vsudualugisaniunisaling

Aoadinmsenendeuniig n1ssuiteyanisieudeluvaeniinisideddslidaaumiins s

3
Y
g

e =)

=

N

Uszaumsallunsenenvsedndulaenenvesusazaundailanuuansiaiy

2.2 MSANWINGANTTUNISLAUNIUAZONENITSHINUNANYTTTUVR
N1511AU T TaNgANITULATAINABINITTUNITAUNINVDIUTETITY TINVNITZUUNIT
| X A oz v Ao w I a A ! a o v ° a
AuuALLazvuddluiug Iludeyand1Ayegridanimiigauiifeitesnisiiuniiansanlunis
MaskuEmTunIsananSuRUR (Clarke and Habib, 2010) 8814b5AR1Y NSEUIUNITINTLNUANS
yuddluiundnerdagudaldldfiasandssfudingisiniass lunwidel §idedlaadng

wuudiasan1senendvianesUszyvuluiuiidnvinauiauasmaivg edudeya

—
e
de

1%
[ o

misnuilifedesdmiviununisenenimiausely Tasfinnsmumuanuisedifsadesdu
wuuassnsenemSRTANT

Murray-Tuite and Wolshon (2013) lénuniunazasuauideiiiertostunisaing
WUUTIABINITONEN 17?@LLUUa‘haENéi’m%’umswafmaiﬁi’wmuﬂawaw N1INTLANYFIVBILONYNAY
MSAUNITULUUAY LagnTLanLasNsiAumsvesgonenuulasiguuds iiteifunislugi
g ufsitedunisvssduuleviglunisdanmsonen Seiliiiunmauesiided

aunsninuUszendlglunmsnnununssunsoutazsassunsenenieNUR Lo og 1 dnLan
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Hasan et al. (2011) 1§ Waurwuus1aeeii3eni1 Random-parameter hazard-based
model Famamininainwuusiass Hazard-based model was Bhat (1996) wisldaSuteiaan
Tumsinaulaonendeainmigisesfieu nsuvudassiivamntuldfinsauntadonisiuiain
L’?iEN (Risk perception) Tunuudtassng %QLLmﬂﬁiNf\]’mLLUUR‘]”laaQL’Ja’]miaWEJW (Evacuation
timing models) Fiaufeunting (Sorensen, 1991: Fu et al, 2006) fifiansauiisatlasedu
Uszanns denu wazdswanden wihiiy sgrslsinnu anmsanundadeiidmasonisnevausses
Ussrvulunisewswnilfothviauves de Jong and Helsloot (2010) wu11 uanandaienu
dspuuaziasughauds msdeansuazdeyarinans Sududladefiinastsdeie mInevausins
DNYNYDIUTEVVU

d1usuiseinalng Chamnkol and Tanaboriboon (2006) wag Charnkol et al. (2007) g
ﬁ@umuwaﬁ’waaqLﬁammmﬁiﬂuﬂmm‘%wmiLLa3a'wsJwﬁaﬁmﬁmﬂ%’auuasuaaéhashwizmﬂsﬂ’ja
t;:imﬁ’amamaz%’amwﬂuwm%’wi’mgLﬁmLasﬁam Tngln15LAs189 Binary logistic regression Tu
AIWAILLUUINADIAINET

v ¥ [~

INNITNUMILUITEU9AU 2L9iulaan Heuddedis AladnwngRnssunIsAunIaLas

aSnuudiasanisenenialiduguiuvegisiewas Ndudou ag1alsinig Bawuudiaediniiy

L4

Fudouannuiiedla rdsilinimaasuainugndes (Validation) vesuuuitaesdaiiugsenn

Ya o = A

WINTUIUAU (Murray-Tuite and Wolshon, 2013) sedu Tuanw3dell {idedudenldisnisees
NelagUseynalin1siiasieyt Logistic regression laglifin1siansaniifivesiarlusuudiass
We99nwuUINaeataazin lUlga1nn15ais UL R 89N1TENEWLALLASBUNITONENAIINTN Y

kY

szaze1u1NNINsENUTTLUU real time $99sinRnanu L NeITDIne

23 Wansuildlumsadrauuusiaeanisiiumsuulassieauy

Tunsaauuudrassnsidunisuulassisauy Sdeyaiideddlunsiinszisuauun
oun deyalaseineauy Wi 91uIUY8995195 USHnn395193 Anmse Wudu deyangfinssy
ASAUNG U §RTINsAENIS JUkUUNSRune Wudu Yszneudumstiesiziluwuudiass
fursuinainrugssnuazdedlinalunsuszaana dafu S1ududosdinisussgndllusunsy
poNfmesd ot isanmNgeniazialunFIeT e 9InMsAnwNUITEsusIIes
wazvudafisnuan flusunsuneuiamesiteuldnarelusunsudieiu Taws EMME, Tranplan,
Trips \usu TnsusasTusunsufinuaudfvedouuasdedesfiuandraiuly faguldlunisisd
2-1

9nM19797 2-1 wud1 WWsunsy EMME WWulusunsufifiaaiuaunsalunisiiasies
wuudiaesldnatssuuuy fauvuiiassanunesavediaseisouy n1slneilasans vuds

#151900g ANSUARINANTIANTA kazdanudangugean1saneInsalduIunIsiauNnele
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wenantdadumusavedusknsy EMME NldgannilleiSeuiisuiulusunsuaug delu §3dy

F0aontglushknsy EMME TunN985196%UU31809n 1960 UN19ULlASIU80 U T UNUN AN D 9nS

[y

&
gu

)

A15199 2-1 NSLUTBUNBULUSRNSUEI VS UAS19BUUINADINITHIUNIIUULATIV 18D U

UsTLAumne EMME Tranplan Trips
WUUTIABINTS  |NITIATIERlATIUNeLAE |@un5aTAs1gila ausalassvilauag
Anszilasene  [msumadume 8 [sasannsold RO R LN G Egt
YudsEsISE | @nunsaliaulade wuudaes Logit g AlaeasluLuuIIang
WUUTNARIANY | @1UNTORATIEITA Lifhedesdiolnensily  |Tdnswawiinauiunms
Leon ATIATIEN IATIEAUS LN
WUUT@E0INS  |aunsodmseildve  |annsodesiedldsie  |amnsediesesdldia
USENaURNTNNIG [8IUMVLEEINUARS  [BTUNIVUEAINUAAR  |8NUMIUEEILUARS
AUN WAYSTUUVUEIANSITY | LA TEUUVUAIAGNTMY WAL ST UUTUAIENSISaY
AUTOIATITI ANUNTOIATITI AUNTOIATIEN
VOULVAUDY wuudnaealannusenn |wuudiasdlannussam [wuudtaedlannusenn
MTIATIEA  [9NIULUUTIABITEAU  [9NIULUUIIa895EAU
NN NN
ATUEARINANIIAN |ANN A AN
mMasdeulosiu GIS |Woulpsan ASCI WS | iWoulpsann Database |i@onlosan ASCI g

1 MVA Asia et al. (1998)

2.4

A15LASIZRAMNUUSIZUN9YRLASIUNE AU

Tngnlumsinswianaudsizuadunssuiunisivszneuse maszyduis muam
UszAnEn1mvesszuy wardaddiumiuszuisvesesdlsnouluszuuiidng deenaiiannu
Wirruneandadenielunienisuen (U.S. Department of Energy, 2002) Tnenafildazidy
Uselewtisenisussiiuauies (Risk assessment) 29359UU Wienaumaululssifiusiag wu
nszusinuagiliszuudumamield vievnnsruvdumalaziiaudemesetinuaz

n$ndausealsuazarunsasausulevisaly Wudu (Baker, 2005)
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nseTgenmUzusldgnianldluauiaeg Wy lassadsiugureslsanullin
(U.S. Department of Energy, 2002) seuuyseun (KDHE, 2003) sEUUNSHndedodns (Danfeng
and Fangchun, 2009) 51T lATITNENTIT AT HAT LA (Berdica, 2002; Berdica and Mattsson,
2007; D’Este and Taylor, 2003; Jenelius, 2010; Taylor, 2008; Taylor and D’Este, 2007; Taylor
et al., 2006)

Berdica (2002) lal#ig1uwos Road network vulnerability 1331 8uaudsigu1eves
TasstngauuaingU@nisal (inddents) Adsnaliszdunisliuinisuulassignunanas deun
Taylor (2008) lfedunenisimszianudsizuiswediasisauuliidunsinsziiiiedos

AUNITIINANTZNUIINNITANED (Failure) wIon151d@auan W (Degradation) U9993AUIENOU

'
a0

n1elulasaUneauy LU 990U N30 N1swen NllseUsednsninveslasevig (Network
performance)

anvnfivhlfesdusznounelulassteouudumaiviedevan miuilnareusznns Tudas
LAUNAYINULRINAUTANAINTBIIYNARYIAIINAIULBTAVBIANINNTITIAT aURLYA
93195 n3an139auU139me Wusu drwlutisaniunisalliun@enafiannguiaindeivinig
sysuAvTeTyudaiaty wu dwihw uiuiulm nsUseing msanea Wudy

INASNUNIUUITETNLIT9 Wun NudsTelussusemanansatulaiinis e teny

(%
LY [ 1

wagdyiyinAnuTsuvedasivauy awnsoasulafinnsem 2-2

(%
v ado

1715199 2-2 wudn aediTaninausizunsvedlasetieauuiivane sluuuiuey

[
%

[ 3 o £ ! < av A va v 2/ 9 Yo AN

Toguszasdvasnisirluldauy egralsiniy lunuifediidedunisussyndldaviddinainy
Wygvwadlassgauunied iethluinsgvimdiuisiouuingivininienisaiinvig

o ad o q' va o [ U A a o Y o A& A .
ndviindnauelunisiai 2-2 §ideladendvilidedneninnisidrfeaiuy (Potential
o = g a | | v = & A 1 '3 &

accessibility) @9 Jun15R150U19179099119 (@29auw) TuAISIENDINEN (1Yu AUTDNYN) V9NUA
Ingyihnsaradmdnameianduelddne indssendldlun1sidel seazBenvaidaiun1side

naluunssld
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(%
[

A5199 2-2 ATTTIRAUUTIZUNUBILATIUNE U

v = o a Y
Al AN95UNY aunsinly
A, =minY 8¢,
a
- - 4 198 ¢, AD SYELIAUAUNI 13D
LFINNAIN #sannseesmaveadaula | . 3
, AlEIeUNtNnu a, 5, =1 1 a
(Topology) Tulasavng L s
pguLdUMIdugaain i LU j,
UDNINTY 5, =0
A=A ol T2t +t
flavidu A =0 108 d, ABIEEENY
LISLHTNI9-LI80 ANTUINGANTINNTAUNIGIN | 90 71U J, v, Ao ANUSIRAYVDY
(Space-time) ToINNAVBAIANUTEHENS MSWAUNNY, t, =d, /v, AD IAYBY

NMSHAUNTY, T A9 Laiaiuaidl, «

A9 Na1NAaIN1sNvaneNIg

. v & A 9150191 YeIelunISIEa
\BANEAINNTUIDINUN Y Y ey s
Manualagasninae ety
(Potential accessibility) Cew
AbT8

A :Ojf(cu)
g o, e Fuudaamslums

v ¢ . & = 1 v
Wndagm j, ¢, Ae namserlding

TUAISAUNITENING | uag j

\WeessaUszleriuns R L
R NN Usslosinusazau
WO FANTIH e .
lesuannmadensing
(Behavioral utility)

l,=In> e

reR,

1oy 1, Ao AIUDIANNTT
assauselond, v, AdalUs
deterministic vaan1a@en r Tutgn

VOILEON R,

- . NN MNMURBULUaIvDS
\BaATYEAERS e -
UANAMIUNUTANAIINNT
(Economic) r
Wasuulasvessguy

E ]

18 AE(cs) AB AIMNUAIANIINS
LU?{auLLUaamaquaﬂﬁdauLﬁu
581118 2 nal (1 uag 0), logsums
usaynay WuAsiuves
pssnUselurtiunazaunielaunay
nsdl, @ fe AAnavvesduUsyANS
YoanaINIsiAUNIaseA LIl

aunisessauselev

f17: fauvadnnn Taylor (2008)
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(OCCUP=7)
= \ndond (OCCUP=8) 48%  31.0%  4.8% 3.3% 3.6%
4 swlemeidou = lifiswld INCOME=1) 195%  260%  27.8%  24.8% 24.5%
(INCOME) * Uy 5,000 UM 103%  10.0%  11.3%  10.3% 10.4%
(INCOME=2)
= 5,000-9,999 UM 180%  17.0%  17.0%  15.0% 16.8%
(INCOME=3)
= 10,000-14,999 UM 198%  220%  19.8%  18.8% 20.1%
(INCOME=4)
®* 15,000-19,999 UM 145%  155%  14.8%  22.0% 16.7%
(INCOME=5)
= 20,000-24,999 UM 6.3% 4.3% 4.3% 5.5% 5.1%
(INCOME=6)
= 25,000-29,999 UM 5.5% 4.3% 4.3% 1.5% 3.9%
(INCOME=7)
= 191A791 30,000 UM 6.1% 1.0% 1.0% 2.1% 2.5%
(INCOME=8)
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M19197 4-5 TenusuysBassiasdoyaildlunisaianuuinaesmsdnaulaonendmiag (vie)

a9y AuUs NUIANYVBIAUUS b
e 1 R 2 LU 3 a4 39U 4 1 UR
5 Srnusnlsiiiu " Auade 0.75 0.56 0.70 0.59 0.65
12 U (CHILD)
6 dwuflvgliiiu = dede 2.13 2.29 2.14 2.21 2.19
60 U (ADULT)
7 wudgeeny = ALadg 0.37 0.36 0.49 0.33 0.39
11nA71 60 U
(ELDER)
8 WA/ = ALady 0.05 0.02 0.04 0.04 0.04
VJWW@JW‘W
(DISABILITY)
9 N19ATOUATO = 13ifi (VEH=0) 6.5%  45%  70%  4.5% 5.6%
grunmuz(VEH) = & (VEH=1) 935%  955%  93.0%  95.5% 94.4%
10 renaitenaw s Juindsldyganiou  74.1%  80.3%  84.1%  74.6% 78.3%
(TIME) (TIME=1)
= syfuthifosndl 05 17.9%  11.2%  10.8%  15.3% 13.8%
(TIME=2)
= sziurh 0.5-1.0 . 5.8% 4.5% 3.0% 7.6% 5.2%
(TIME=3)
= szdurhannndt 1.0 a. 2.2% 4.0% 2.1% 2.5% 2.7%
(TIME=4)

wanewis fuusaduil 5-8 iufuusuuusaiiles (Continuous variables) lnaAsgnuasiaulsnndamiiiu 0

NTOYANLAIINUUUADUAINNI 1,600 fAI8E14 a1sadanasawuudiaadla 2 Useam
A9 LUUIaBIN1SAnaUlINENY 19U LLazLLUUﬁi’WaaamiLﬁaﬂgULLUUﬂ’]iLﬁWNﬁm%’umi

anen Lelisneasldannan
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4.4.1 wUUINaRIN1ISAnaUlaaNENY 9L

Tunsasrswuudnansnisanaulaanentiviiy G338lansauus

Y

(et 918 war3ele) waztadesuaseunsh (wawin Jlvg dgeeny way

51931 Yadudiuynna
Aynwaninluniiiseu

q

WAZNISATAUATOILIUNINUL) WUFWUIDase (Fam157991 4-5) wazdanadadmudslunisdnaula

aNgNLYIIY (enen=1, llangni1viiu=0)

v

H338lald Binary logistic regression Tun1saf1awuudnaesdnediu wagnsiaaeuay

QﬂéfawaﬂLLUU’i‘f’laaﬂﬂﬂ% Hosmer-Lemeshow test, Cox and Snell R?, Nagelkerke R? LaYSoY

4 ¥

agNIANANIANNgNABY INTayavesnguiiegsidTialiaunaassuuiiasnsinlaonen

Y

1R8I MUNAIUDTNA) TARIAT1N 4-6
cs'

31NA15199 4-6 WU Tunnsiuvenguiied1nidudnsiagalsenaunie 8 nay

918N (318azdunlun1sed 4-5) Adiles 5 nguenuituiuuuinasditedAyuazaiusatily

I A A

Uszandldialula Ao wuudiaed 8.2-0.6 (2.=01TN) drunquerdniwiedn 3 nqu (YniSeu

[ '
v a I

witu waztnwnsns) wuvitaeslidvdedAgitssnefiagianldaula edoraliowwnaindiuau

Megsainguandinsenaifiiuutesnsearalinszaraduiisane Faduussiiui nuidely

[

<

pwranansadsdiiludnild egrdlsfn fifeldaauudan 0.1 Tuniilefuuudiaes
sudsansnsahluldldlunsalilinsveInvesszang lnsuuudiassdananarsnaindeya
UBWNEYN
MnuuUResiann wud fulsiidsadonisdnduladenanem/ aiensnvausas
91@ndanuunnaneiu agelsiany Muusseld lWlddwadensdndulasananlunnuuudiass
defansanuuudiaes 0.1 Yadeifanuduiusiuuvudiaedinagn fe e o1y

1 o ¥

FuauLAn Suauglng I1UIULE018 LaTNITATEUATOILIUNINUE LABLATEINNIBAUTDY
duusganfmuusinanraneaudi meie Jwwilduiiagenenunnniinengs duasemagau
YosduUsEAnEAuUsTuAnLazIwILgaeigdeislenanauazenenmnlutiuiian nie
£ o ] < v ¥ o & = < 1 A A [ 1 J [ {

Hasorgdnwinanntudululades Nilleraiesnniluiimseianuinadonduaudanainin
Aotanen TunnenssiutnuesemuneuInvesduUsEansmuUsenguauanit mnaulunausvad

91gunFuiiuiliuiazenengey Nilenallasainanuaiisalunisindulavesingniieny

o

mnislewFeuifisudugvgfifiongtesndn duniesmneuinvesduuszavsiuussnnuglng
Fofouwaliiuflifuturesnsensnsautudedflngluthudiuaunn wasiadosunsuinves
duuseAvSfuusn1snsaunsese UL Uauendn mngausumvugdiudafi uunliuies
oWeNLINTY

dunuuiaes 0.2-0.6 A3AERUIBHAIINIATDMINBUINYBFUUSEAVEFUUSLA
Tudnuarfindoduuuudiass 0.1 ognslsfnu Tukuudiass .6 wuin Jadedwougyvmann

Y

daasienisrnaulalaedduuseansiluavmnefannigymmanmlutudauiivwiliuaglionen
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A999 4-6 LUUTA8INTIAR LN WU IILT UL TNAN

wuudNaes 8.1 wWuUdNaes 8.2 wuUdnaes 8.3
AuUs FAUNBIIN Lail@vinenu e
B Sig. ﬁ Sig. B Sig.
ATl 1.140 0.032 0.056 0.983 0.005 0.992
NI -0.363 0.023* - - -2.111  0.070**
8¢ 0.138 0.046* 0.764 0.028* - -
518lel - - - - - -
Suudnangtosndy 12 Y -0.2310  0.043* - - - -
uuglvgldiiv 60 U 0241  0.012* - - - -
I8N 60 U 0218 0.051**  -1549  0.066** - -
UL NN N - - - - - -
N1IATBUATRILIUNIVILY 0.612  0.093** - - - -
Hosmer& Lemeshow Test (Sig.) 0.122 0.622 0.126
Cox and Snell R? 0.533 0.236 0.283
Nagelkerke R? 0.712 0.319 0.388
Sovagmsmanisaiiignios 60.1 71.1 68.0
. . WUUIIADY 8.6
wuudaes 0.4 wuudaes 8.5 .
AuUs AvE/g3nadIua fudraialy °U’1‘5:‘Uﬂ’1‘§/
WiN9Y
B Sig. B Sig. B Sig.
Al -1.835 0.146 1.725 0.099 0.293 0.843
LA - - -1.101  0.010* - -
21¢ 0.636 0.004* - - - -
51elel - - - - - -
Sunwinerydesniy 12 T 0586 0.092% - - -0.653  0.046*
uuglvgldiiv 60 U 0562 0.029* - - 0.987  0.004*
UIEE1EANT 60 U -0.989  0.008* - - -4.124  0.003*
UGN N - - - - -1.987  0.009*
N13ATBUATRILIUNIVILY - - - - - -
Hosmer& Lemeshow Test (Sig.) 0.303 0.144 0.069
Cox and Snell R? 0.227 0.091 0.167
Nagelkerke R 0.303 0.121 0.240
Youagnsmansaifignios 67.1 66.0 77.4

o o a 3

- LifiTednfry; * dvvdAgynsadfnianudeiu 95%; ** fdidvdAgyneainnaudonu 90%
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4.4.2 wwudaesmsidengunuunsiunedwiunisonewiinvio
nsadrsuuusiaesnisdensuuuunsidunisvesiensmiiviog §3duldUszgndld
Multinomial logistic regression lagfnualy M fio 31UIUFURUUNITHAUNAANEIMTUNNS
aNN Uaz m = 1, 2, Uar 3 A M9iiY Msldsndiui (sadnsenugud sngud wavsansyuy) uag
nsldsaansnsue (Fine @odund 506 wazsada) mua1iu &msunTasIuuInaeItanaIf Y
Igiuunlinislidsodiudandu pivot choice Faazvilvanunsaduamanuinzduvenis
oMNENFIBFULUUMTAUNIDY M-1 (M3LAY n3o msldsnansnsas) wWisuifisuiunisldsa

dquin Tsanunsauiuautazidulsainaunis 4-3

Bm-1Xi
Pr(,=M-1) SE S qun1g 4-3

M-1 ﬁm'xi
1+ Zm:l e

e lai s uUTIaeINIsien JULIUNMSIRUNISE UM Tone nlag LU IUY 1938

WazAUANENIYRINTITENEN HaAanslumITIN 4-7 UWagans199 4-8 MUA1GU

Ya o ¥

91015797 4-7 WU AidgannsaassuuuIaemsiaenguuuunsiaunisdmiu
ATENTNAINYIIALALTE 2 LUUTIED9 A WUUTIED9 2.1 (3.21387) dUSUNITENENTIUTNA S
I§$unisiiioudis wazuuusaes 1.2 dwmdunisenendiosssuiviuusnadutosnin 50 .
dunsdiftszduihgeaniilldausoathauuuassddidesandoyannnsdunuaiivon
IINUUUSIABT 2.1 WU WA S9uIUdn waznisaseuaseserumnug Wuladed
dawasemsiudundn Tnawr3osnunsuanvesdudssanasuusimavivoninmeiesiuuildud
supudundn dunismmneunuesdulssanssunuinmnedennlutuiivinsunudesfias
Aussmniisnuunegldsadiui wava3e e UINYeIduUsE AN NTATEUATEIBUNINLY

Uatgsaiiuwildunagldsodiumilunisenenannninnisiiunii Tunsdlvesnisldsaansisae

a1 1

WU Hieada T 1uIULANLAZNITASEIATEIE UL NdINasanistaan ldsasinand Tae
LSRG UINYRIFUUTEANT LA nuunsdanTutuTidind 1 uiutisefaldsadiusa wanin
H91u7uun9: 1950871515 AIULATEINULEAUVRIFUUTEANTHILUINITATOUATDIUTUNINUL U
vendwilsadiwwildunvgldsadiumlunisenenunnndnisidsaassuey

dulukuUINges 1.2 WU 818 FIWIULEIRIY LaEN1TATOUATEIEIUNIVIUE d9NA
sonisenenmenisiudundnidiouion lnewesominsauvesduuszansaudseny vuneaiu
1 d'd = v d' a 1 yd' ¥ dl’ % 1 o < (v | d'
7 punfiongundiwnldunsiunnningnengdesdayldsadiudnlundn diunToamunguin

o I3 v a

YoeduUsEANSHMUsT LRy Yavend mindifasengdnuiunniadndulaldsodiuiadu

]
(% '

AN ANMSUNITITINAIGITUE WUIT TLNeTa8N15ATOUATRIENUNINUL YN UUNAINARA 8NTSLABN
FULUUMSIAUMNIVIENGINGT TaATeavsngauvesduUseans vuneis dilsonsounsoeiluualiu

agldsnaruslunIsanenuINNINNNS IS aNs S
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M19199 4-7 ULUUT1a8IN15IReNFULUUM AU MSUNTBNENTUUARUY NI

LUURI8D4 2.1

WUURIaD9 2.2

sduuuns .
° . fiawls DNEWUNUAUADUAY  DWEWLLDUNYIN<50 T,
WunIaman
ﬁ Sig. ﬁ Sig.
ﬂ"]ﬂ\‘l‘ﬁl -0.562 0.679 0.681 0.385
LN 1.015 0.014* - -
21 - - -0.498 0.080%**
Fe/lel - - - -
el Sunudnaedesndt 12 0663 0013 - -
uuglugliiv 60 U - - - -
U181 60 U - - 0.777 0.100%*
LAY ANAN N - - - -
N13ATBUATOILIUNINUE 1.527 0.000* 1.897 0.017*
ﬂ"]ﬂﬂ‘ﬁl -0.061 0.970 -0.736 0.336
LN - - - -
91 - - - -
5ela - - - -
nsldsaansnsar  Swawdnenaesndn 127 0487 0.092* - -
ungingflaifiv 60 U - - - -
UIUFFRIEUINNT 60 T - - - -
UL NN N - - - -
N13ATAUATOILIUNINUE 2440  0.090% -2.447 0.004*
Cox and Snell R? 0.122
Nagelkerke R? 0.169
- laifivdedAry; * fdivd ”mywmaﬁaﬁmwm%‘aﬁu 95%; ** SifedfaumnsanATinLEesiu 90%
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91NA1597 4-8 WU Swrugynnanimdutadendnveawuudiass 2.1 (3.=90

v a

Uanen19) vaan1sengnimen1siauni tnevndgnnnanmluiiuagdndulaldsadiudilunis

anenlUtug A dawnsldsaasisue wud wudinguaznisaseuasetemunivuziiulady

Pdwmananuuiiast 9.1 lngwinddugingludiuinissldsearsisaslunisd unidudiu
&y

Wlunman dmsuwuuinaes 2.2 Fdigauatevnsegigudanen wuil S1IUGN TIUEYINE

=

AN LALNNTATBUATDIIUNINULAINARD NISABNLAULN LA AT HITOANGIS UL IUNITONEN &

'
Y LY v v A

i3 peIneUesduUsEansmuUsAdidedAguas nsuvannuvunadulud nvazudeaduiui

TnanuILalItnemu

M1919% 4-8 wuuaeensidenguwuumsiiunisdmiunsenenduunmuglaten

- wuUdnaes 9.1 WUUdNae 9.2
v . Ay dugd Audanen
LAUNImEn
B Sig. B Sig.
AAST -3.365 0.001 0.467 0.624
e - - - -
91y - - - -
R sela - - - -
e Sunuinerydesniy 12 Y - - 0.613 0.081**
g lngglsiiiu 60 U - - - -
UKL 60 T - - - -
UL ANAN N 1.943 0.013* 3.313 0.006*
NNIATBUATOIUIUNINUE - - -3.697 0.000*
A 2324 0.000 -0.106 0.913
e - - - -
91y - - - -
msldsa sela - - - -
sy Swudnengtesnit 121 - - 0.852 0.014*
ungngflaifiu 60 U 0.543 0.021* - -
UILFFDLUINNT 60 T - - - -
PUILNNNANN - - 3.815 0.001%
N13ATEUATELTUNINUL -1.087 0.025* -3.621 0.000*
Cox and Snell R? 0.164 0.209
Nagelkerke R? 0.180 0.288

o w

- LifiTedAry; * Spddgmisadfnanuiioiu 95%; ** SiudAgynisadfnanuiiosy 90%
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a

WUUINAaB9INsARAUlIaNeNUI IR bW LT U7 4.4.1 arunsaunlulalunnsg
ann1salnutasiiufiuprausavaulzideneneniselienen diuwuudtasinisdenguuuy
AsAUNeEmSUNITanenANaUIUTWRITeN 4.4.2 arunsaunldlglunisaianisalainuinag

<, v a a v a Y] a v ) ) = v
LﬂuGUBQHQWSWWQSLﬁ@ﬂI%EULL‘U'Uﬂ']iL@u‘VﬂQViaﬂ (N1sLAU ﬂ']ﬂfﬁﬁﬂa')u@]'] mamﬂ%iamﬁﬁmz)

1%
o |

Yoan1senenludInIan1e (eneniiuil nseenenvdedvion) wsenisenenludauaienia

a ) s

199 (UuIf iTeaudanen)

Y

wuudnaeawRILNIusEesUseLn N uluuuudassuuuges (Disaggregate model) @

nanhlUlddemsiuteyavesudazynnalasaziden (Jadoniunisiei 4-5) lnenaiilaain

wuudtassssdulsgleridenisinluananisalduiudsesnisenenviseldonen saunsguuuy

o

nsumUsEIAneng agluiiungesseauduansevyinu (Hamsuteayannaw) wililesain

[

madhiadeyatafudindnaeyanavesiiuiidnuluseduituiigos (mjthu) Aeudnadidesiin
Usgneutumsideadsdijatumsliesginnfumaazonsnluninsusedusiae §ideTai
NaMIATIEngAnTIUene Aldaniided 4.1-4.3 lWldlunPieseimusinaumaifunias
onemdundn Trzhlulflumsdiesgierunsunsedasmisouulufuiifnudeluluund
6 enlsfinu ATeniriuvudassilifmuiuluiied 4.4 anduuselovidenside soven

Tusuansald
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5  MSHNAILILUUINEDINISIAUNISRIlATIt g a UL luNuAnw

’0’ v ° a ' A A
* ﬂ"liﬁi"l\'iLL‘U‘UQ']@a\‘lﬂ'ﬁLﬂ‘LWI']Q‘ll@ﬁiﬂﬁ\?“ll']ﬁlﬂuuiuwuﬂﬂﬂwq

O/ a a '
** Naﬂ’]S’JLﬂi'lzﬁm'imuwﬂ\‘iLLazaﬂﬁ‘wmsaﬁQi‘d@ﬂiﬂix‘l‘l}’l&lﬂuﬂuﬂ W.A. 2555

5.1  A15E519kUUINABINITHAUNINVDILATIV18aUUTUNUNFAN®E
A3 lAayasunMTAUNIaEITITNIAINNITATIUAL NN TUMIUIUALAE TS
LA ILUUTIABINTAUNIIVD I ATIV UL TUNUNAN T 1AeTNTaULUIAAIUNISHAIUI LAY

UszgnAlWuUTIARINiRNIUATIURN 5-1

n1ssusudeyalasetne

N1737UTIUTRYAA Y
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N1TEITIULALITIVTINTDLAA Y
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szuulasedtenunly
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gausule ANANTSAINITALNNLAZaNEW
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UUUINEBINTLAUN YD JayannRnTsun1g
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Tasetneauulununfne RUNIIUAZENE

A5IATIENAINLUTIZU

' & da
vplasatreauuluniundne

JUT 5-1 nsauwAnlunsimuwasyssendlduuudnasamadunsuulasaiigauu
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5.1.1 MIinszuuiungasuasai1suuuIaadlasIineauuvasuiAne
NNFUN 5-1 TumeunsngIdelasiusiudeyaiudinuuasiasugiiuastoyalasadig

AnuANvuddluiuNdne sreazdealadnausliluiide 3.2.1 way 3.2.2 FalAkUINuN@Anen

viaviupeandu 211 fufiges (Zones) warAsaunau 4,659 Yasauu (Links) Aandlugui 5-2

- &4 .
) AUENANTDINUY (zone centroid)
- \
) ALTONYAUU (node)
¥33uu (link)

JUN 5-2 Nungesuaglasstieauulunuifng

5.1.2 N158519A1519U5UUN15LAUNIG

Tun1snensalnuAeanIsiun1siAun1sesdidunie Inevaluduneu Trip

v '
A a1

generation analysis 9¥3lAs1zAUTINAAIABINSIHUMaTieananuaziiluluusaz luiides
ntudumeu Trip distribution analysis 98313 129imA15 19SS RUmeTETIeiuTiges
(0D trip matrix) Juu1 Tnelduuusians Gravity model fuiildodurglusiadod 3.3 suf 3-23
LLUUf{haaﬂuaaa%umuﬁmmsaﬁwmawL‘“ﬁlumei’waaaszéfuqﬂaaﬁmslﬁumaLLUin
(Combined elastic demand model) Ff3delalduvusassilumsnianisaiiinuniadums

WUBUSEMININUNEa8vasl W.A. 2555
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5.1.3 n1sUSUMiBULUURIaD9
a a X A a . . & Y Ao v

MINUIUIUNITAUNETENININ NG %30 OD trip matrix LUssnuiiauliadlaann
gj 1 v d” 1 4 [ < a % A v e v .
Tunauneuntilonvligndesiuanuluasanninliesndeyaldainnisally Gravity model
< ¥ a ' & A <3 [ = .
Wudayaszeen1uaziiain1siiunieseninaiiungesidunan &9 Gravity model agneneny
ANANITAIUSUIUNTHAUNIITEMININUNE BBl NATINNNSAUNN9YeIAasNUNgaelna AR U
UIU1UNI5IAUNI00NAINAUN (Production trip) kazUINIAUNISAUNIIINUN (Attraction trip)

va o

Wieaudulanazas19aeUAINgNABIYRILUUTIaI iUy §3TlAN1S
USuLiigu OD trip matrix lngnisAruladdIsuiisudsununisasnasilaainuuudiass (Model
flow) fludayay3un1T9s13sNd15IMarTIUTINIA (Observed flow) Inedayausunnnissns

Tudrumdaildningunainnisdrsiadeyareddide wazusdunnIndeyalsunasasseiu
WRAEVIUYDINTUNME (AADT) Havaen1sUTuiisukuuTasiakandlusui 5-3 lagwudn dein
R? wifiu 0.964 Fadiedndlenas Ingasuuuuinaeanisiiuniaveslasetigauuluiunfnyiy

[

o & A oA A o v ¢ |1a a ¢
NRAUIVUU ﬂ')']llur]LGUE]?IE]LLa8?1'13J']3ﬂu’]11]ﬂ38§|ﬂ(§ﬂ‘ﬁﬂ"|@ﬂ’]imﬂ'ﬁlﬂmﬂqiL@quﬂiuaﬂqUﬂqim

Ange 1ol
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3
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S
Z
L
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(7]
o
o}
=

500 R? = 0.964

0 See ! !

0 500 1000 1500 2000 2500
Observed flow (pcu/h)

5UN 5-3 naanmsuTuiiguwuudnaes
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5.2 Han1ITIATEIMSIAUNUazan1wnsaTasvadlaseneauulul wa. 2555

fAfelalduuuassilaindudiolinnsimaiumaazanmnisasasedasmisauly
Y .. 2555 Tudsuifiusingg feil

SU#l 5-4 LLamﬂ%mmmiLﬁ@LLazmiﬁqammﬁLaumwaqLwiazﬂyuﬁsiaa FawuinUIuaunm
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Aula 2294 0.21 1816 599

NN SUNAETINA 2295 0.27 977 411

d99na 2296 0.21 1915 769

Fusmanften 2297 0.15 1554 419

YU 2298 0.15 2274 809

FUNNT 2299 0.18 1046 288

AL V9N 2107 0.22 1696 667

malng) -

bNITLRYU 2301 0.21 3186 1041

Taugiie 2302 0.13 2316 618

annil 2 2303 0.17 3196 739

IAANTTEN 2304 0.17 2164 1261

UUNA 2305 0.15 792 271

TymauIu 2306 0.15 3422 964

N8 ND 2307 0.19 1431 747

319450 2308 0.17 1962 936

Talanauuan 2309 0.21 2042 668

nelaifia 2310 0.2 1384 658

nrhaafisaly 2311 0.17 866 350

NALIInn 2312 0.14 2008 660

vidagsalu 2313 0.14 733 278

Useans1ugSaiie 2314 0.16 1044 401

unananglng 2315 0.13 1267 365

uaniAngLn 2316 0.14 634 301

Tamalnglu 2317 0.25 2309 715

nsAnyANNTIUYedlasgauuIINgnndY: nslAnwidunemalugy Jwminaswan nl-4



FeuasUHan1TITeatuauysal

SWa ¥ 4 MUY MUY
I o o WUy o
NUNANYI %aqwu EMME UJszuns AIILIDU
(m3.n4.) -
Zone (Au) (a9)
andvudsmaluglu 2318 0.24 147 100
tuvjediian 2331 12.74 1911 433
Trumus 2332 8.29 2297 700
Uuua 2333 6.44 1386 381
Uulde 2334 8.15 971 302
. Unuuned 2335 7.58 821 202
G]’]UGVNGI’]L&’W >
Urungsun 2336 13.02 2839 656
Uuvivuelye 2337 10.58 1002 250
Uudam 2338 29.8 1409 343
tuvjadeu 2339 10.45 1453 531
VU121 2340 7.44 1357 414
UuueuauY 2341 2.46 449 97
tumjslvgy 2342 6.27 1147 247
L UTuuNBAIU 2343 4.24 638 167
suavjslve ;
UVTUNIAITUDN 2344 3.96 601 156
trungielu 2345 13.83 604 545
U 2346 7.97 1312 314
Wiy 2351 3.94 893 277
AADIAN 2350 4.58 1038 322
RLTREY 2353 2.5 565 176
o Uudn 2349 2.64 598 186
A1UaNIVU "
nupIth 2354 4.68 1061 329
Funaes 2348 6.32 1432 445
LWINAOYBON 2347 3.78 855 266
LWINARLAN 2352 6.24 1414 439
UIUARDING 2325 9.27 514 94
UnuauLies 2330 15.48 761 157
Uuudnie 2329 18.44 888 187
AUANEAS UunaBaty 2326 22.49 1072 228
thumutuse 2327 16.08 946 163
turjalse 2328 17.56 1064 178
tunaeses) 2324 7 515 71
) wan1sUnATONA 1 1322 1.51 1825 1404
UIUNT
WWANITUNATDILUA 2 2355 1.12 1354 1041
NsAnwIAMIUTIRUIvedaTIauuAINgNNdY: NSaAnwIgnemalngy Jaminaavan n1-5




TeuasURan1TITeatuauysal

Wi g U U
Wudidgnen ?J'aqmm EMME i Uszuns AsSoaU
(m3.n4.) -
Zone (Aw) (11]9)
WANITUNATDILUA 3 2356 1.24 1499 1153
lWANISUNATONLUR 4 2357 1.75 2115 1627
WANITUNATDILUA 5 2358 2.8 3384 2603
WANITUNATDUUN 6 2359 1.72 2079 1599
WANITUNATDILUR 7 2360 2.6 3142 2417
WANISUNATDUUN 8 2361 2.1 2538 1952
WANITUNATDILUA 9 2362 2.62 3166 2436
WwaN1sUNATDNE 10 2363 0.51 616 474
Uuihivuuen 170 608 172
, U1unang 2364 362 116
ARDIGATLNT Py 6.8
VUL 2365 595 169
UIUNUBIT 2366 872 229
Hrulandman 2367 44.09 2376 512
Uua9Ae 2373 27.04 1468 314
UWvus - viguvianu 2368 11.63 571 135
29 thuvhadng - vjsdu 2370 7.92 356 92
Unulsoey 2372 18.95 885 220
UruaIung 2374 7.49 346 87
Uuag 2371 17.31 908 201
UruUalnue 2369 1.27 728 145
Unuualuualy 2382 0.48 184 55
ruuanlng 2381 2.54 1346 289
UuATUn 2383 1.17 172 133
, U 2384 3.06 1443 348
AL — .
Uruaiei 2385 1.7 763 193
U1unU 2390 4.86 3254 553
Unuls 2387 2.33 961 265
Ungmnng 2388 1.98 872 226
UIUINg 2389 1.62 828 184
Huthtiesuen 2393 7.33 2012 649
Uuinten 2395 2.39 657 212
fuathifes Hruthtieslu 2394 3.04 834 269
VUL 2402 3.06 840 271
VUVl 2397 5.24 1438 464
nMsAnwIANUUTIBUIRedlATIIgauLAINgVAiY: NsllAnwgnemalug Taminaeal n1-6



FeuasUHan1TITeatuauysal

i X U U
& A o Wun o o
WUNANEN °va°qu°uu EMME Jseuns AU
(m3.n4.) -
Zone () (waq)
Truvelns 2401 7.56 2074 669
YUY 2399 4.29 1178 380
TIUNAIUN 2396 4.61 1265 408
UUlANINS 2398 4.6 1262 407
UL 2400 5.08 1395 450
UuvjenIuTY 15 1868 1041
VRIVFUOREE TP 20417 2997 1187
. . UuTavad 2418 2433 790
ATUAAIURY ” — 66.78
TIUAIUN 2419 7074 2694
UV 2421 8507 3567
TIUNTNAIU 2420 14676 6294
TUnEVd 2403 2923 944
YIUNUBINIE 2404 650 182
truvjei 2405 666 145
YIUNIL9 2413 488 125
truyjsusu 2411 603 188
FUARADIY Ununuasunedy 2410 24.53 1317 439
Prunu 2412 1826 677
Y1UAADILAY 2409 7384 3521
UUARDILN 2408 2143 906
YIURUDIUD 2407 1502 483
Uurintng 2406 6954 2887
WAUIALIDY .
. U1UUanss 2414 1193 805
[ARYINICE
(Wanwteain
¥ . 14.82
NWUNLNAUIAUAT mum‘[mu 2415 4126 2040
malng))
YIUAADINIY 2416 5806 2835
NsAnwIAMIUTIRUIvedaTIauuAINgNNdY: NSaAnwIgnemalngy Jaminaavan n1-7




TeuasURan1TITeatuauysal

A1319 N1-2 IUIUAITAANITLAUNIMALATAIPANITIAUNVBINUTIE B

SWa N15NANTS N13A9QANTS sWe - - N13A9AANTS
- - NISAANITAUNG -
EMME LAUNY LAUNY EMME 5. AUNY
Zone (fiwasiatu) (fisndaiu) Zone (neaneaw) (fiwasiatu)
3 70.452 63.407 2049 55.632 50.069
15 98.07 88.263 2058 86.127 77514
75 256 320 2084 68.486 76.095
170 26.25 23.63 2098 270 300
368 104.625 116.25 2107 65.296 58.766
549 157.5 291.667 2203 78.181 86.868
658 68.728 61.855 2228 85.363 94.848
690 314.967 583.272 2242 67.357 74.841
715 54.432 100.8 2243 41.091 45.657
1171 59.166 53.249 2244 59.835 53.851
1172 81.681 73.513 2245 162.527 180.586
1213 86.133 95.703 2246 62.454 69.394
1232 241.445 447.12 2247 59.532 53.579
1291 38.304 34.474 2248 44.165 39.749
1322 95.808 86.228 2249 116.251 129.168
1420 348.75 387.5 2250 124.636 138.485
1536 83.904 75.514 2251 82.583 74.324
1566 126.596 140.663 2252 65.945 59.351
1810 32.148 28.933 2253 79.255 71.33
1827 450 833.333 2255 156.756 141.08
1881 57.61 64.011 2256 82.159 73.943
1889 89.433 80.49 2257 79.497 71.547
1891 79.059 71.153 2258 63.108 70.12
1937 43.89 39.501 2259 41.987 37.788
1950 71.25 64.125 2260 74.978 83.309
1963 73 81.111 2261 123.904 111.514
1970 95.532 85.979 2262 99.825 89.843
1994 96.598 107.331 2263 141.147 127.032
2013 81.67 90.744 2264 88.33 79.497
2037 87.438 78.694 2265 176.55 158.895
2266 107.268 96.541 2297 59.829 53.846
2267 80.946 72.851 2298 87.549 78.794
nMsAnwIANUUTIBUIRedlATIIgauLAINgVAiY: NsllAnwgnemalug Taminaeal n1-8



FeuasUHan1TITeatuauysal

¥ N1SLAANNT N13A4YANTT Wi - - N13A9AANTS
EMME AUN HAUNY EMME mnzﬂmlsl,si]’umq HUNY
g e g e (Wg2n9IU) q e
Zone (WenaIU) (nenU) Zone (Wen9U)
2269 86.777 78.099 2299 40.271 36.244
2270 116.095 104.486 2301 122.661 110.395
2271 44.887 40.398 2302 89.166 80.249
2272 46.92 42.228 2303 110.741 123.046
2273 51.36 46.224 2304 83.314 74.983
2274 73.081 65.773 2305 30.492 27.443
2275 73.509 66.158 2306 131.747 118.572
2276 80.678 72.61 2307 55.094 49.584
2277 32.956 29.66 2308 75.537 67.983
2278 59.118 53.206 2309 78.617 70.755
2279 109.675 98.708 2310 53.284 47.956
2280 143.273 128.946 2311 52.507 58.341
2281 133.322 119.99 2312 77.308 69.577
2282 49.209 54.677 2313 28.221 25.398
2283 62.649 56.384 2314 40.194 36.175
2284 73.563 66.206 2315 48.78 43,902
2285 56.817 51.135 2316 24.409 21.968
2286 56.817 51.135 2317 88.897 80.007
2287 100.741 90.666 2318 5.66 5.094
2288 32.368 29.131 2319 92.081 82.873
2289 45,743 50.825 2324 27.038 24.334
2290 23.54 21.186 2325 26.985 24.287
2291 86.456 77.81 2326 56.28 50.652
2292 45.469 40.922 2327 49.665 44.699
2293 20.906 18.815 2328 55.86 50.274
2294 69.916 62.924 2329 46.62 41.958
2295 37.615 33.853 2330 39.953 35.957
2296 73.728 66.355 2331 100.328 90.295
2332 120.593 108.533 2362 166.237 149.614
2333 72.765 65.489 2363 32.359 29.123
2334 50.978 45.88 2364 31.92 28.728
2335 43,103 38.792 2365 19.005 17.105
2336 149.048 134.143 2366 31.238 28.114
2337 52.605 47.345 2367 45.78 41.202
NsAnwIAMIUTIRUIvedaTIauuAINgNNdY: NSaAnwIgnemalngy Jaminaavan n1-9



TeuasURan1TITeatuauysal

Wel N1SLAANNT N13A9NANTS e - - N13A9AANTS
EMME HAUNI HAUNI EMME mnzﬂméﬁww HAUNIY
g e q e (Wyn9I1) q e
Zone (WynaIw) (M) Zone (WymaI)
2338 73.973 66.575 2368 77.07 69.363
2339 76.283 68.654 2369 47.67 42.903
2340 71.243 64.118 2370 29.978 26.98
2341 23.573 21.215 2371 18.165 16.349
2342 60.218 54.196 2372 18.69 16.821
2343 33.495 30.146 2373 124.74 112.266
2344 31.553 28.397 2374 46.463 41.816
2345 31.71 28.539 2376 378.225 700.416
2346 68.88 61.992 2381 9.66 8.694
2347 44.914 40.422 2382 38.22 34.398
2348 75.173 67.656 2383 70.665 63.599
2349 31.401 28.261 2384 9.03 8.127
2350 54.505 49.055 2385 75.758 68.182
2351 46.893 42.204 2386 40.058 36.052
2352 74.222 66.799 2387 50.453 45.407
2353 29.689 26.72 2388 45.78 41.202
2354 55.685 50.117 2389 43.47 39.123
2355 71.063 63.957 2390 170.835 153.752
2356 78.677 70.809 2393 105.625 95.062
2357 111.036 99.933 2394 43.78 39.402
2358 177.658 159.892 2395 34.503 31.053
2359 109.133 98.22 2396 66.402 59.762
2360 164.968 148.471 2397 75516 67.964
2361 133.244 119.919 2398 66.239 59.615
2399 61.845 55.661 2451 71.85 133.056
2400 73.238 65914 2452 77.941 144.336
2401 108.88 97.992 2453 180 333,333
2402 44.105 39.695 2404 34.125 30.713
2403 153.458 138.112 2405 34.965 31.469
2406 365.085 328.577 2417 157.343 141.608
2407 78.855 70.97 2418 127.733 114.959
2408 112.508 101.257 2419 371.385 334.247
2409 387.66 348.894 2420 370.49 333.441
2410 69.143 62.228 2421 446.618 401.956
nMsAnwIANUUTIBUIRedlATIIgauLAINgVAiY: NsllAnwgnemalug Taminaeal n1-10
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¥ N1SLAANNT N13A4YANTT Wi - - N13A9AANTS
- - N1SAANISIAUNIS -
EMME LHUNI9 LHUNIY EMME 4. HUNIY
g e g e (Wg2n9IU) q e
Zone (WenaIU) (nenU) Zone (Wen9U)
2411 31.658 28.492 2422 78.147 70.332
2412 95.865 86.279 2443 112.5 208.333
2413 25.62 23.058 2445 228.614 423.36
2414 62.633 56.369 2446 208.944 386.934
2415 216.615 194.954 2450 248.599 460.368
2416 304.815 274.334
NsAnwIAMIUTIRUIvedaTIauuAINgNNdY: NSaAnwIgnemalngy Jaminaavan n1-11
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ANANUIN N2

NAN1581523USUIUNTISTITNINIENLAZ Y0 UL TUNUNRN®
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FeuasUHan1TITeatuauysal

M1319 N2-1 U310UN1595195URY0UY MBL ke MB2 USHiaudedguinn (e f)

MB1 MB2
Fa9an v ¥198N wudn Y1989
ag+aey | saeud | Tewanstussun | savae | ae+ase | sosud | Teeaistussyn | savine | sw+awe | seeud | lesarsrusayn | sewas | swvawe | seeud | Teeaisrussn | sewos
07.15-07.30 60.39 180 2 0 22.11 76 2 0 93.39 168 22 2.5 115 222 6 0
07.30-07.45 135.3 307 12 0 61.71 177 8 0 116.82 207 2 0 119 185 4 0
07.45-08.00 155.1 391 4 0 86.13 192 6 0 105.6 226 12 2.5 101 171 10 0
08.00-08.15 138.93 337 12 0 64.35 173 8 0 88.11 214 12 0 94.1 205 22 0
08.15-08.30 105.6 313 18 0 56.43 163 2 0 62.37 166 10 0 68 200 10 0
08.30-08.45 143.55 375 14 2.5 53.46 170 14 0 65.01 174 24 0 58.4 175 6 0
08.45-09.00 107.25 304 12 0 47.19 141 10 0 54.78 207 8 0 68.6 181 6 0
09.00-09.15 93.06 230 4 0 50.16 206 8 0 60.06 187 10 0 51.8 181 8 0
15.15-15.30 71.61 221 18 0 45.21 167 10 0 55.11 164 20 0 52.8 206 8 0
15.30-15.45 90.75 219 10 2.5 58.41 253 8 0 68.97 155 20 0 50.2 144 12 0
15.45-16.00 92.73 280 8 0 57.75 209 20 0 58.08 207 24 2.5 48.5 160 8 0
16.00-16.15 120.45 343 12 0 59.73 175 4 0 53.46 180 4 5 525 195 10 0
16.15-16.30 155.1 492 28 0 58.74 188 8 0 54.45 160 0 0 47.5 196 12 0
16.30-16.45 178.86 232 32 0 89.1 256 6 0 70.62 157 26 0 83.8 219 4 2.5
16.45-17.00 123.09 321 36 0 76.23 187 10 25 70.62 193 6 2.5 67 191 10 0
17.00-17.15 183.15 496 26 0 97.68 257 14 2.5 98.67 205 22 2.5 78.9 187 4 5
17.15-17.30 126.39 358 12 0 91.08 224 6 0 95.04 199 2 0 82.8 199 8 0
17.30-17.45 114.51 225 2 0 66.66 266 8 0 93.39 162 2 2.5 729 122 0 0
17.45-18.00 85.8 244 8 0 71.28 245 6 0 7557 180 20 0 74.3 156 2 0
18.00-18.15 110.88 312 24 0 71.28 174 8 0 79.2 181 6 0 78.5 187 0 2.5

wnewie teyaustesdigaveadenieninnsuassaunnimilssznniiiuuseanideiu
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FeuasUHan1TITeatuauysal

M1319 N2-2 USUIUN1TTIITULTIEOUY MB3 ke MB4 USHauadguiinm (Mg f)

MB3 MB4
LR NEr ) andn 198N Y1 190N
w+ege | saewd | lawans+ussyn | sawae | ee+awe | seeud | Tewanstussyn | sewas | ew+awe | soewd | Teeanstussn | soviee | eetewe | soeud | Tewanstussyn | sawa
07.15-07.30 26.1 40 2 0 28.7 72 0 0 58.7 150 2 0 81.8 241 2 0
07.30-07.45 | 36 58 0 0 452 66 0 0 71 176 4 0 9.7 201 i 0
07.45-08.00 30.4 46 0 0 46.2 75 2 0 94.1 180 4 0 96.4 253 2 0
08.00-08.15 | 353 a7 2 0 475 88 2 0 693 185 4 0 795 205 a 0
08.15-08.30 | 244 40 a 0 393 79 6 0 706 301 0 0 59.7 180 12 0
08.30-08.45 27.1 39 2 0 33.7 74 0 0 50.2 187 4 0 56.8 212 14 0
08.45-09.00 22.1 49 2 0 32.7 68 6 0 44.9 191 2 0 57.8 210 16 0
09.00-09.15 | 178 42 2 0 323 79 0 0 604 204 0 0 482 190 28 0
15151530 | 238 42 a 0 294 7 2 0 31 135 8 0 353 259 6 0
15.30-15.45 26.4 41 6 0 21.8 73 2 0 34 196 12 0 48.5 197 14 0
15.45-16.00 24.8 52 4 0 34.7 82 4 0 43.2 200 16 0 53.8 201 10 0
16.00-16.15 | 257 a8 2 0 373 67 2 0 314 165 16 0 472 233 16 0
16151630 | 297 a6 a 0 419 79 8 0 416 156 10 0 554 216 6 0
16.30-16.45 254 41 2 0 39.6 79 8 0 26.7 233 16 0 42.2 233 8 0
16.45-17.00 333 48 10 0 44.2 76 a4 0 36.6 153 2 0 733 192 6 0
17.00-17.15 37 35 4 0 49.5 78 2 0 515 198 10 0 75.2 221 6 0
17.15-17.30 34.3 45 0 0 44.2 72 2 0 51.2 179 2 0 74.3 236 12 0
17.30-17.45 39.9 49 0 0 4a7.9 58 2 0 38 135 a4 0 68.3 221 2 0
17.451800 | 294 42 0 0 366 70 2 0 416 147 6 0 683 228 2 0
18.00-18.15 32 36 0 0 39.3 73 4 0 47.9 163 4 0 74.3 241 2 0
s Teyaustesdiyanadenniesannsudassainnnimilsszanlndussnmideai
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FeuasUHan1TITeatuauysal

M15149 N2-3 USUIUNITATIITUUTIOUL MB5 auubinm

§ A

)

v & Aa

ogiF 2 uay MB6 auulvivegi

‘ MB5 MBS
LNETY
wagy | sooud | lewars+ussyn | sewae | ee+awe | soswd | lewans+usiyn | sewaq
07.15-07.30 97.4 170 10 0 4.62 82.6 0 0
07.30-07.45 104 221 4 0 52.1 85.7 0 0
07.45-08.00 76.6 152 2 0 56.4 115 0 0
08.00-08.15 69 144 2 0 58.4 91.3 0 0
08.15-08.30 76.6 202 2 0 55.4 122 0 0
08.30-08.45 70 188 0 0 44.2 73 2 0
08.45-09.00 71.9 123 2 0 50.2 110 0 0
09.00-09.15 525 134 4 0 45.2 102 2 0
15.15-15.30 54.5 153 0 0 49.2 152 2 0
15.30-15.45 66 188 2 0 48.8 131 2 0
15.45-16.00 72.6 202 2 0 50.5 144 0 0
16.00-16.15 66 193 0 0 56.4 138 0 0
16.15-16.30 79 208 0 0 55.4 152 0 0
16.30-16.45 70.6 183 0 0 68.6 170 0 0
16.45-17.00 81.8 231 0 0 68 148 0 0
17.00-17.15 84.2 240 0 0 100 143 0 0
17.15-17.30 68.6 189 2 0 86.8 167 2 0
17.30-17.45 74.6 201 4 0 80.5 159 0 0
17.45-18.00 70.6 179 0 0 69.6 149 6.5 0
18.00-18.15 60.7 167 0 0 72.3 165 0 0

vinewg Teyaundesdiyanedeudoninnisulasaunnimissnvlbidulssianideiu

A 3 (MY AY)
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FeuasUHan1TITeatuauysal

A1519 N2-4 USUIUNIFITIITUSIIUNIWEN TM1 wenngundl (1ine A)

4943981
W+ | Wweans+ | osa | e+ | owans+ | s | e+ | lowans+ | osa | 9w+ | Weans+ | sa | ees C | Tewanss | 90 | 9w+ o | Wwans+ | s
I0EUA , 08U , 08U , S08UA , S0EUA , I08UA ‘

we s | Wi | ase ussn | Ww | qwe ussn | W | e usIn | W | ey usn | e | Qs usIn | wae
07.15-07.30 32 29 0 0 94 183 3 3 27 40 0 13 a7 34 0 1 151 209 2 1 35 66 4 2
07.30-07.45 38 41 0 0 116 225 4 0 35 35 2 4 71 35 0 1 297 269 2 0 61 57 0 3
07.45-08.00 48 50 1 2 100 249 5 2 36 39 1 3 128 67 1 1 329 281 0 1 a8 a4 0 [
08.00-08.15 46 57 0 1 83 221 3 1 22 49 0 3 65 43 1 0 223 213 3 0 26 41 2 7
08.15-08.30 29 32 2 0 68 206 4 0 26 39 0 4 a7 41 0 1 155 228 4 0 30 34 1 2
08.30-08.45 31 50 0 1 63 174 2 1 24 39 1 5 31 49 0 0 98 217 2 1 20 39 2 6
08.45-09.00 28 37 2 0 65 180 3 3 18 28 0 1 16 29 1 0 96 187 3 4 15 31 2 6
09.00-09.15 19 42 0 0 53 181 a4 8 24 43 1 8 15 40 a 1 a4 107 [ 2 12 22 2 [
15.15-15.30 24 52 0 0 72 189 2 0 15 27 3 6 13 24 1 0 a7 141 [ 0 12 19 3 3
15.30-15.45 33 40 1 0 101 172 6 0 19 29 2 3 12 36 2 0 a7 159 4 0 12 38 1 7
15.45-16.00 34 a7 3 0 96 190 5 2 17 34 1 3 8 37 0 0 51 144 5 1 20 27 0 8
16.00-16.15 39 51 0 1 91 179 2 1 23 30 2 6 15 33 0 0 43 165 3 1 26 28 2 7
16.15-16.30 42 53 1 0 115 202 3 0 26 33 0 2 17 38 2 0 66 177 5 0 33 35 2 7
16.30-16.45 52 83 3 1 145 181 4 0 20 a4 0 5 23 51 1 0 88 178 1 0 33 a7 1 2
16.45-17.00 | 49 54 0 2 122 | 231 0 0 21 34 0 3 20 33 2 0 72 162 1 0 29 42 2 6
17.00-17.15 42 68 1 1 136 258 3 0 29 57 0 3 30 39 0 1 110 238 3 1 27 44 7 8
17.15-17.30 59 97 0 0 191 329 1 0 54 54 2 2 17 52 1 0 101 206 6 0 39 56 1 4
17.30-17.45 a7 64 0 0 194 309 1 0 43 59 1 2 32 41 0 0 102 245 0 0 29 51 0 2
17.45-18.00 65 78 2 1 168 266 0 0 53 54 0 4 20 43 0 2 83 174 0 0 32 34 1 1
18.00-18.15 a6 60 1 0 164 228 1 0 53 49 1 5 30 41 0 0 115 238 1 0 38 34 0 10
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M1919 N2-5 USHIUNITITIATUTIANIMEN TM2 LenUng anu3snuems (i )

e
sg+age | sneud | lesans+ussun | sowds | se+ese | soeud | lesans+ussn | sawie | ee+ase | soeud | lesans+ussin | sawas | ds+ese | soeud | lesanstusmn | sowos
07.15-07.30 26.1 40 2 0 28.7 72 0 0 58.7 150 2 0 81.8 241 2 0
07.30-07.45 36 58 0 0 452 66 0 0 71 176 4 0 96.7 241 4 0
07.45-08.00 304 46 0 0 46.2 75 2 0 94.1 180 4 0 96.4 253 2 0
08.00-08.15 353 a7 2 0 415 88 2 0 69.3 185 4 0 79.5 205 4 0
08.15-08.30 24.4 40 4 0 39.3 9 6 0 70.6 301 0 0 59.7 180 12 0
08.30-08.45 271 39 2 0 33.7 74 0 0 50.2 187 4 0 56.8 212 14 0
08.45-09.00 221 49 2 0 32.7 68 6 0 44.9 191 2 0 57.8 210 16 0
09.00-09.15 17.8 42 2 0 323 79 0 0 60.4 204 0 0 48.2 190 28 0
15.15-15.30 23.8 42 4 0 29.4 71 2 0 31 135 8 0 35.3 259 6 0
15.30-15.45 26.4 41 6 0 21.8 73 2 0 34 196 12 0 48.5 197 14 0
15.45-16.00 24.8 52 4 0 34.7 82 4 0 432 200 16 0 538 201 10 0
16.00-16.15 25.7 48 2 0 373 67 2 0 314 165 16 0 472 233 16 0
16.15-16.30 29.7 46 4 0 41.9 79 8 0 41.6 156 10 0 55.4 216 6 0
16.30-16.45 254 41 2 0 39.6 79 8 0 26.7 233 16 0 422 233 8 0
16.45-17.00 333 48 10 0 44.2 76 4 0 36.6 153 2 0 733 192 6 0
17.00-17.15 37 35 4 0 49.5 78 2 0 51.5 198 10 0 75.2 221 6 0
17.15-17.30 343 45 0 0 44.2 72 2 0 51.2 179 2 0 74.3 236 12 0
17.30-17.45 39.9 49 0 0 a7.9 58 2 0 38 135 4 0 68.3 221 2 0
17.45-18.00 294 42 0 0 36.6 70 2 0 41.6 147 6 0 68.3 228 2 0
18.00-18.15 32 36 0 0 39.3 73 4 0 4r.9 163 4 0 74.3 241 2 0
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A1519 N2-6 USUIUNITATIATUSIUNIMEN TM3 LeNADNSE (MU L)

e

w+iwy | sneud | lewans+ussn | sevine | Ae+dse | soeud | lesans+ussvn | sovine | Qe+dse | soeud | lesans+ussvn | saving
07.15-07.30 45.9 191 12 0 89.4 329 10 0 58.1 217 20 0
07.30-07.45 62.7 252 6 0 171 427 2 0 134 508 0 0
07.45-08.00 85.5 265 12 0 219 367 8 0 107 335 6 0
08.00-08.15 799 248 6 2.5 139 386 12 0 132 366 10 0
08.15-08.30 71.6 244 16 0 116 318 14 2.5 68.3 360 12 0
08.30-08.45 38.6 167 16 2.5 81.8 323 16 0 49.8 268 8 7.5
08.45-09.00 33 215 18 0 759 346 10 17.5 53.1 252 12 12.5
09.00-09.15 34 225 6 2.5 53.1 261 16 12.5 40.6 281 8 175
15.15-15.30 19.8 179 4 0 653 311 12 2.5 521 292 20 25
15.30-15.45 29.4 231 20 2.5 35 225 18 2.5 535 300 10 0
15.45-16.00 284 191 10 0 58.7 235 4 0 40.3 252 8 0
16.00-16.15 37.3 146 34 0 66 255 8 0 56.1 311 8 0
16.15-16.30 26.4 165 10 5 7.6 312 18 0 106 345 14 0
16.30-16.45 28.4 175 8 0 58.1 252 16 0 100 345 12 0
16.45-17.00 24.8 160 14 2.5 729 292 8 0 133 451 4 25
17.00-17.15 353 221 8 0 713 254 6 0 133 478 6 0
17.15-17.30 393 139 4 2.5 141 313 10 0 83.8 504 2 0
17.30-17.45 35.6 179 4 2.5 131 323 4 0 85.8 333 4 0
17.45-18.00 32.7 124 6 0 924 382 6 0 101 338 8 0
18.00-18.15 439 135 4 0 72.9 275 0 2.5 90.4 398 4 0
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M1919 N2-7 USHIUNITITIATUTIANIMEN TME DUUNTIINGYY AR DUUTIHYTEUR (Mg Fu)

=

¢S

Y3981
| Tewans+ ) | lewans+ ) | Tewans+ . | lewans+ )
WY | I0UA JOWN | ew+Amy | 08U oW | e+9By | S0EuA NN | W+Iwy | S08uA AN
UM usIN usIYN usIMN

07.15-07.30 52.8 176 38 0 95.7 211 2 0 15.5 29 0 0 0 0 0 0
07.30-07.45 62.4 244 56 0 89.4 247 2 25 20.5 68 0 0 0 0 0 0
07.45-08.00 729 316 34 0 91.7 228 0 25 15.2 54 0 0 0 0 0 0
08.00-08.15 733 331 26 0 7.9 227 0 0 17.8 66 0 0 0 0 0 0
08.15-08.30 81.8 282 30 0 66.3 177 4 0 24.1 66 0 25 23.1 56 0 25
08.30-08.45 56.8 273 a4 25 58.1 193 8 0 15.2 55 0 25 15.2 76 2 10
08.45-09.00 28.4 185 42 0 46.5 172 12 25 12.2 53 2 25 4.95 22 2 25
09.00-09.15 55.4 275 28 0 37 166 6 25 10.6 43 6 25 8.91 26 2 5
15.15-15.30 36 284 48 0 37 235 8 5 14.2 59 0 0 8.91 37 4 0
15.30-15.45 40.3 287 86 25 419 203 8 25 11.2 78 0 0 15.8 33 4 0
15.45-16.00 39.9 230 36 0 429 196 0 5 10.6 75 2 0 12.5 29 2 0
16.00-16.15 56.1 286 52 0 63.4 282 6 0 18.2 60 2 25 19.5 35 0 0
16.15-16.30 42.2 234 40 0 48.2 205 a 0 24.8 114 2 25 17.2 29 2 0
16.30-16.45 66 340 64 2.5 69.6 227 [ 5 38 122 2 0 18.2 26 2 0
16.45-17.00 43.9 245 46 0 35 251 8 25 37.3 116 0 25 19.8 36 2 0
17.00-17.15 713 334 100 0 53.1 188 4 0 36.3 108 2 0 234 45 2 0
17.15-17.30 77.9 365 152 5 85.1 161 [ 5 44.2 119 2 0 18.8 25 18 2.5
17.30-17.45 68.3 267 100 2.5 64 153 [ 0 41.9 118 0 2.5 20.8 45 22 0
17.45-18.00 66.7 254 78 0 54.1 120 0 0 43.9 143 0 0 224 46 22 0
18.00-18.15 70 255 62 25 60.4 200 2 0 34.3 103 0 0 16.5 28 8 0
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A1519 N2-8 USUIUNNTISIATUSIUNIGLEN TM5 LeNATNESILUASUNST (MUY Fd)

p

=

Y3981
| Tewans+ ) | lewans+ ) | Tewans+ . | lewans+ )
WY | I0UA JOWN | ew+Amy | 08U oW | e+9By | S0EuA NN | WW+Iwy | S08uA AN
UM usIN usIYN usIMN

07.15-07.30 139 161 0 0 20.8 38 0 0 66.3 254 4 25 75.2 255 2 5
07.30-07.45 127 173 0 0 32.3 41 0 0 82.2 329 2 25 78.5 245 2 25
07.45-08.00 114 214 0 0 26.1 37 0 0 7.2 250 2 25 723 217 2 0
08.00-08.15 74.9 184 0 0 18.5 40 0 0 67.3 183 14 0 70.6 258 12 0
08.15-08.30 81.8 180 0 25 15.8 38 0 0 47.2 197 8 5 68 193 4 25
08.30-08.45 64.4 202 0 0 17.2 43 0 0 413 166 18 25 61.7 250 16 25
08.45-09.00 50.2 168 2 7.5 14.2 31 0 25 41.3 183 14 25 55.1 213 12 25
09.00-09.15 455 129 2 10 14.9 27 0 0 46.9 187 6 0 44.6 212 6 5
15.15-15.30 254 163 0 0 13.2 35 0 0 64.4 240 6 0 57.8 304 4 25
15.30-15.45 35 213 0 25 15.5 a7 0 0 53.1 210 12 5 49.8 232 10 0
15.45-16.00 60.1 153 0 0 31.7 39 0 0 64.4 257 4 0 475 230 6 5
16.00-16.15 60.7 173 0 0 24.8 62 2 0 59.1 230 14 0 74.9 374 4 5
16.15-16.30 70 203 0 0 215 52 4 0 102 338 14 25 68 239 8 0
16.30-16.45 58.4 215 0 0 21.5 60 0 0 115 276 4 0 924 318 6 5
16.45-17.00 723 174 0 0 215 65 0 0 99.7 295 8 25 574 221 8 5
17.00-17.15 85.8 203 0 0 25.1 65 0 0 115 380 14 7.5 82.2 211 10 0
17.15-17.30 62.7 117 0 0 25.1 43 0 0 101 366 6 2.5 118 298 6 2.5
17.30-17.45 57.1 158 0 0 27.4 59 0 0 126 366 8 25 94.1 252 8 0
17.45-18.00 60.4 133 0 0 29.4 50 0 0 82.2 255 2 0 86.8 288 [ 0
18.00-18.15 51.2 167 0 0 22.8 28 2 0 125 381 6 25 80.9 278 10 25
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M1919 N2-9 USHIUNITITIATUTIAUNIMEN TM6E LENUUANATSETIA fin auunIyawIly My Au)

=

4281
W .| Tewans+ | ww+ .| Towens+ | aw+ .| Towans+ | qw+ .| Towens+ | aw+ .| Tewans+ | aw+ .| Tewans+
SBud SaBUA SaBud SEUA SaBus SEU
Wy usIn | e usIn | Qee ussn | ey usIn | Qe ussyn | Awe usIN
07.15-07.30 17 19 0 20 57 1 39 61 0 11 9 0 88 115 3 36 43 0
07.30-07.45 14 10 0 17 52 0 58 56 0 10 25 0 111 132 4 33 65 0
07.45-08.00 10 24 1 37 52 0 65 64 0 16 22 0 149 195 4 28 73 0
08.00-08.15 q 12 1 21 a5 0 102 100 0 11 23 0 136 144 8 51 40 1
08.15-08.30 11 9 0 26 29 0 26 45 0 11 16 4 154 208 6 51 51 0
08.30-08.45 12 24 0 29 51 0 13 32 0 10 17 0 98 184 8 17 61 0
08.45-09.00 6 17 0 34 57 0 14 53 0 8 15 0 41 128 9 24 42 0
09.00-09.15 8 8 1 10 27 0 21 48 1 3 10 0 64 151 12 13 32 0
15.15-15.30 10 33 0 20 57 1 12 33 0 2 6 0 58 152 13 40 38 0
15.30-15.45 9 27 0 17 52 0 13 32 0 3 26 0 a1 150 8 29 50 0
15.45-16.00 3 16 1 37 52 0 14 42 1 3 16 0 63 152 4 24 39 1
16.00-16.15 7 19 0 21 45 0 10 48 0 2 15 0 52 218 12 18 49 0
16.15-16.30 9 25 0 26 29 0 12 69 0 5 15 0 56 169 6 45 58 0
16.30-16.45 8 20 0 29 51 0 16 66 0 8 17 0 80 163 12 101 72 0
16.45-17.00 3 13 0 34 57 0 10 71 0 8 26 0 105 190 8 131 127 1
17.00-17.15 4 23 0 10 27 0 17 71 0 9 16 1 76 153 2 43 88 0
17.15-17.30 13 22 1 35 60 0 15 72 1 8 23 0 123 188 3 108 117 1
17.30-17.45 13 17 1 46 83 0 14 55 0 7 22 0 123 168 5 54 101 0
17.45-18.00 q 14 0 57 86 0 14 53 0 9 23 0 91 165 2 64 87 1
18.00-18.15 7 16 0 58 83 0 9 37 1 6 10 0 112 228 8 57 85 0
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M1919 N2-9 USHIUNITITIATUTIANIMEN TM6E LeNauuANaTSIaTsa fin auunyawilly My Au) (o)

e

LPNETY)
W .| Towens+ | aw+ .| Tewans+ | aw+ .| Tewans+ | aw+ .| Tewans+ | 9o+ . Towans+ | 2o+ .| Towanss
INYUR INYUR INYURN INYUR INYUR INYUR
Yy ‘Uii“/!ﬂ WYY Uiiv\.ﬂ WYY Uiiv\.ﬂ WY ‘Uii‘Vjﬂ WY ‘Uii‘Vjﬂ WYY Uiiwﬂ
07.15-07.30 18 23 1 17 a7 0 14 22 0 27 29 0 131 185 q 6 10 0
07.30-07.45 74 56 0 71 118 0 23 27 0 a4 42 0 114 134 8 1 7 0
07.45-08.00 95 70 0 72 76 0 25 55 0 27 40 0 204 185 10 9 15 0
08.00-08.15 95 85 1 102 | 165 0 33 70 0 43 39 0 228 239 7 5 5 0
08.15-08.30 81 74 0 89 111 0 36 71 0 30 26 0 109 153 7 9 13 0
08.30-08.45 70 76 1 99 78 1 55 73 0 21 33 0 127 195 13 12 11 0
08.45-09.00 35 63 0 56 92 0 31 80 0 12 13 0 53 153 10 2 11 0
09.00-09.15 29 64 1 49 67 0 17 58 0 20 17 0 66 124 15 8 16 0
15.15-15.30 20 37 0 16 40 0 16 28 0 13 21 0 67 185 10 15 18 0
15.30-15.45 14 29 0 16 50 0 12 35 0 10 29 0 a6 164 6 9 18 0
15.45-16.00 15 35 0 12 a2 0 12 40 1 6 26 0 64 159 3 7 14 1
16.00-16.15 9 34 1 14 50 0 10 38 0 2 30 0 35 155 5 9 30 0
16.15-16.30 16 a1 1 17 53 0 8 37 0 2 27 0 53 176 5 15 26 0
16.30-16.45 18 72 0 18 77 0 4 52 1 5 14 0 65 180 3 26 30 0
16.45-17.00 18 59 1 15 69 0 9 60 1 0 7 0 60 169 5 15 8 0
17.00-17.15 6 38 0 13 64 1 29 54 0 q 28 0 89 207 2 17 35 0
17.15-17.30 6 a7 0 18 81 0 15 58 0 16 45 1 76 114 3 30 52 1
17.30-17.45 5 a6 0 36 83 0 18 48 0 13 34 0 95 163 3 20 35 0
17.45-18.00 14 a4 0 22 53 0 15 49 0 7 25 0 107 200 0 16 20 0
18.00-18.15 17 39 0 25 62 0 6 46 0 16 34 0 77 158 2 31 36 0
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M1319 N2-10 USUIUNITITIATUTIAUMNUEN TMT7 WenauunIgyaudfly fn auusssuugIn (e Ay

)

Y3981
W+ | owans+ | aw+ o | Towans+ |+ .| Towans+ | aw+ .| Towans+ | aw+ o | Towans+ | e+ .| Towans+ | aw+ | Towans+
I0EUA I0EUA S08UA I08UA I08UA SO8UA 08U
Wy usIn | e usIn | Qe usIn | Qe usIn | we usIn | A usIn | e usIMN
07.15-07.30 118 106 0 32 48 1 14 11 0 126 193 1 8 9 0 62 65 0 140 173 4
07.30-07.45 104 106 0 50 58 0 19 17 1 225 231 6 13 27 0 68 88 0 222 229 7
07.45-08.00 96 93 1 30 36 0 11 24 1 218 266 6 18 17 0 108 93 0 193 190 4
08.00-08.15 85 82 0 29 42 0 18 36 0 217 282 4 15 24 0 104 108 0 155 192 5
08.15-08.30 65 61 0 30 39 0 12 19 1 173 208 9 14 29 0 101 99 1 115 170 10
08.30-08.45 55 68 1 15 41 3 16 21 0 138 247 13 13 25 0 7 81 2 144 244 13
08.45-09.00 85 89 2 28 a7 1 13 28 0 107 221 7 10 23 0 66 80 1 110 149 10
09.00-09.15 35 82 1 23 41 3 7 16 1 84 205 9 11 16 0 57 66 0 85 213 10
15.15-15.30 62 68 0 21 46 0 17 14 0 120 242 5 6 29 0 105 115 1 91 225 7
15.30-15.45 60 66 1 21 52 0 6 23 0 90 165 8 7 18 0 64 80 0 82 211 5
15.45-16.00 58 56 0 35 51 0 17 22 0 142 201 9 7 19 0 76 122 1 121 205 3
16.00-16.15 103 92 2 34 44 1 13 19 1 101 176 7 10 21 0 81 99 1 121 208 3
16.15-16.30 88 82 1 51 64 0 12 21 0 137 221 7 12 17 0 72 103 0 122 204 5
16.30-16.45 88 107 2 82 82 0 19 24 0 153 214 12 33 34 0 97 101 3 201 208 2
16.45-17.00 104 125 1 98 108 0 14 18 0 165 196 7 20 25 0 116 130 2 182 322 2
17.00-17.15 94 108 1 75 118 0 21 23 0 198 271 6 26 43 0 138 119 2 191 257 4
17.15-17.30 116 89 0 81 113 1 20 23 1 189 200 4 20 30 0 154 108 1 203 262 6
17.30-17.45 108 91 0 43 69 0 14 30 0 219 249 5 24 18 0 160 132 1 166 190 5
17.45-18.00 96 86 2 a7 78 2 21 23 0 251 284 8 12 14 0 217 111 0 197 234 1
18.00-18.15 113 84 0 56 67 1 21 23 0 224 289 7 12 13 0 178 128 1 158 185 1
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M1919 N2-11 USINS5IRTUTIUMNGUEN TMS kenauun1yauiily fin Yamriae (vl fAu)

4943981
W+ | Wweans+ | aw+ | Weans+ | e+ | Wewans+ | aw+ | Weans+ | aw+ | Wowans+ | e+ | Wwans+ | aw+ | Towans+
I0EUA I0EUA S08UA I08UA I08UA SO8UA 08U
we usIn | e ussn | Qe usIn | e ussn | qwe ussn | Jwe usIn | ey usIMN
07.15-07.30 49 60 1 111 181 9 14 11 0 160 123 1 110 188 2 56 39 0 46 60 1
07.30-07.45 50 69 1 122 261 6 17 10 0 284 171 0 138 214 5 82 66 3 76 105 0
07.45-08.00 a7 a7 2 184 271 a4 20 8 0 188 106 3 177 254 6 126 73 0 115 120 1
08.00-08.15 28 43 1 142 256 8 12 6 0 165 95 1 182 238 6 123 63 0 131 93 1
08.15-08.30 33 31 0 103 223 9 13 1 0 130 123 2 159 252 4 116 72 4 90 207 1
08.30-08.45 33 27 1 76 219 10 6 9 0 97 68 3 101 258 10 107 69 1 106 109 1
08.45-09.00 27 39 0 92 220 11 15 7 0 63 69 2 104 183 12 85 64 4 7 78 0
09.00-09.15 27 38 1 58 164 25 11 7 0 87 99 1 89 219 8 66 51 4 82 43 2
15.15-15.30 59 58 1 80 226 6 20 19 0 103 71 1 114 266 7 82 96 0 64 74 1
15.30-15.45 34 48 0 103 265 5 16 11 0 87 73 4 98 210 3 109 80 0 59 59 0
15.45-16.00 41 43 0 75 213 8 28 11 0 85 I 1 96 185 5 110 74 0 63 67 1
16.00-16.15 44 48 2 90 127 3 23 9 0 91 87 1 88 205 12 87 85 4 84 78 2
16.15-16.30 64 58 0 115 218 7 28 8 0 116 98 0 112 195 9 125 65 0 58 81 0
16.30-16.45 78 82 2 150 294 10 32 4 0 128 68 1 138 210 7 112 102 0 96 92 0
16.45-17.00 82 68 1 197 274 6 25 9 0 109 133 4 131 184 5 172 122 0 100 95 0
17.00-17.15 60 61 1 99 220 3 28 6 0 131 93 2 102 173 5 147 169 0 130 105 0
17.15-17.30 7 84 2 128 248 14 48 8 0 118 110 1 189 262 6 159 117 1 150 85 0
17.30-17.45 90 66 1 176 256 7 43 6 0 150 104 1 192 286 8 154 103 0 103 85 0
17.45-18.00 89 74 2 175 258 3 42 5 0 137 94 1 160 201 6 180 116 0 120 129 0
18.00-18.15 82 80 0 155 201 7 52 8 0 178 97 0 148 195 3 166 139 0 102 96 0
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A1919 N2-12 USNIAUINITATNRATUSAUNIUEA TMO LENARDILTU (A8 All)

4943981
W+ | Wweans+ | aw+ | Weans+ | e+ | Wewans+ | aw+ | Wewans+ | aw+ | Wowans+ | e+ | Wwans+
I0EUA I0EUA S08UA I08UA I08UA SO8UA
we usIn | e ussn | Qe usIn | ey ussn | qwe ussn | Jwe usIMN
07.15-07.30 11 23 [ 170 128 3 58 72 2 88 220 6 62 63 6 118 243 11
07.30-07.45 8 6 2 61 91 0 76 73 0 105 283 5 111 157 11 130 255 5
07.45-08.00 13 13 2 99 79 1 52 7 1 245 348 12 116 130 3 175 245 7
08.00-08.15 7 10 5 110 70 1 54 73 7 224 389 28 161 158 7 135 256 6
08.15-08.30 11 13 1 92 51 1 51 83 1 128 428 28 88 140 10 95 255 3
08.30-08.45 14 17 2 82 87 0 52 91 2 96 263 12 72 118 9 108 236 11
08.45-09.00 12 23 3 61 80 0 64 65 2 98 288 17 71 152 11 84 240 6
09.00-09.15 6 15 4 66 37 2 26 34 1 84 223 16 50 93 6 96 237 8
15.15-15.30 9 25 5 56 49 3 57 64 1 69 198 10 45 98 1 75 229 15
15.30-15.45 18 36 9 72 64 3 40 43 1 96 221 8 63 144 6 87 264 7
15.45-16.00 12 26 5 79 51 2 62 86 2 91 205 3 108 125 2 95 198 10
16.00-16.15 16 26 12 85 53 3 54 64 0 102 241 11 1 122 2 137 233 3
16.15-16.30 20 23 3 92 65 2 68 107 3 106 223 9 75 135 1 121 277 2
16.30-16.45 17 22 5 122 65 1 58 91 0 88 243 12 89 137 6 160 238 [
16.45-17.00 13 23 7 126 82 1 59 66 5 134 376 15 68 98 3 180 286 3
17.00-17.15 | 12 26 6 144 | 101 4 82 60 0 107 | 261 6 117 | 135 4 156 | 276 3
17.15-17.30 7 19 4 139 78 2 99 98 0 125 348 8 114 137 4 154 250 8
17.30-17.45 13 15 6 133 82 4 115 69 0 151 368 10 105 127 3 131 245 3
17.45-18.00 13 21 5 121 57 0 96 71 0 144 338 8 108 117 1 142 257 2
18.00-18.15 18 21 6 135 79 0 98 80 0 124 282 7 90 129 1 150 241 5
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M1379 N12-13 YSUNMTITIRTUTHRUMNUEN TM10 aUUs138UA fin auuAsITe (e Au)

4943981 »
W+ | Weans+ | sa | ews .| Tewanss | s | aws C | Tewanss | sn | 9w+ | wans+ | osa | 9w+ o | Towanss | 90 | ew+ | Weans+ | s
SOBUA , SOBU , SOBU , SOBUS , SBUS , SOBUA ‘

WY ussyn | W | e ussyn | e | awe ussn [ Wi | e ussyn | was | e ussyn | v | ewe ussyn | s
07.15-07.30 53 47 0 0 53 a7 12 0 24 12 0 0 38 62 5 0 42 30 1 0 15 16 0 0
07.30-07.45 81 70 0 1 81 70 4 0 22 14 0 0 27 60 6 0 51 41 0 0 21 43 0 0
07.45-08.00 76 56 1 0 76 56 6 0 a4 34 0 0 40 56 2 0 55 98 0 0 49 72 0 0
08.00-08.15 109 36 0 0 109 36 1 0 64 54 1 0 32 51 2 0 90 79 0 0 58 71 0 0
08.15-08.30 37 46 0 0 37 46 1 1 63 42 0 0 17 60 0 0 73 79 1 0 59 a7 1 0
08.30-08.45 49 67 1 0 49 67 2 0 62 43 1 0 14 43 4 1 72 66 0 0 51 43 0 0
08.45-09.00 39 41 1 0 39 41 7 2 59 49 1 0 8 31 5 0 38 41 0 0 38 30 1 0
09.00-09.15 26 40 1 0 26 40 3 1 48 a4 0 0 15 35 4 0 a7 53 0 0 34 36 0 0
15.15-15.30 42 65 1 0 138 137 1 0 39 35 0 0 14 54 0 0 27 33 0 0 36 35 0 0
15.30-15.45 35 60 2 2 120 80 0 0 44 a4 0 0 22 55 3 0 61 95 0 0 49 53 0 0
15.45-16.00 34 61 0 0 118 150 0 0 54 37 0 0 24 35 0 1 37 48 0 0 57 57 0 1
16.00-16.15 56 73 2 0 125 124 0 0 62 56 0 0 21 50 2 0 62 87 0 0 67 100 2 0
16.15-16.30 37 53 0 0 194 155 0 0 78 61 0 0 23 45 1 0 51 69 1 0 51 49 0 0
16.30-16.45 38 63 0 0 121 97 0 0 54 59 0 0 35 68 2 0 62 76 0 0 80 74 0 0
16.45-17.00 46 42 0 0 171 132 0 0 82 A 0 0 30 54 1 0 79 76 1 0 51 7 0 0
17.00-17.15 43 57 0 0 174 92 0 0 52 63 0 0 43 41 0 0 102 88 0 0 104 82 0 0
17.15-17.30 54 56 1 0 219 108 0 0 107 89 0 0 42 70 2 0 55 72 2 0 54 64 0 0
17.30-17.45 61 55 1 0 149 106 0 0 76 61 0 0 33 60 3 0 99 89 0 0 91 72 0 0
17.45-18.00 58 70 0 0 146 94 0 0 82 49 0 0 23 31 1 0 64 79 0 0 39 43 0 0
18.00-18.15 42 57 0 0 187 99 0 0 69 66 0 0 24 28 2 0 60 44 0 0 53 53 0 0
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M1379 N12-13 YSUNTITRIUTIUMNEN TM10 aUNS18L358UA fn auumInIwIse (Ml Au) ()

4943981
W+ | Tewansse | sa | 9w+ .| Yewans+ | osa | 9w+ .| Yewans+ | sa | 9w+ .| Tewanss | sn | ews .| Tewanss | sn | Qe+ .| Tewans+ | 9
I0UUA ‘ SOEUA , SOBU , SOBUA , SOBUA ‘ SOBUA ,
Y ussun | v | aee ussyn | wae | e ussyn | v | awe ussn | Wi | see ussnn [ W | e ussyn | i
07.15-07.30 15 1 0 0 78 127 5 0 32 81 0 0 5 6 0 0 2 11 0 0 5 4 0 0
07.30-07.45 13 7 0 0 106 141 5 0 63 134 11 0 2 0 0 0 5 5 0 0 25 7 0 0
07.45-08.00 23 8 0 2 104 130 2 0 73 103 0 0 13 7 0 0 5 7 0 0 11 8 0 0
08.00-08.15 13 6 0 0 75 113 1 0 36 82 0 0 9 2 0 0 3 5 0 0 4 7 0 0
08.15-08.30 10 3 0 0 48 94 4 0 36 61 1 0 2 7 0 0 6 3 0 0 12 6 0 0
08.30-08.45 7 4 0 0 46 78 0 0 36 48 2 1 5 8 0 0 5 8 0 0 15 3 0 0
08.45-09.00 6 3 0 0 31 92 2 3 34 68 0 0 10 5 0 0 10 6 0 0 9 7 0 0
09.00-09.15 7 3 0 0 55 81 2 0 a2 51 0 0 6 3 0 0 8 4 0 0 11 3 0 0
15.15-15.30 10 3 0 0 84 140 2 1 36 7 1 2 6 3 0 0 3 5 0 0 8 4 0 0
15.30-15.45 14 5 1 0 51 114 3 1 45 72 1 1 12 3 0 0 20 12 0 0 10 11 0 0
15.45-16.00 12 6 0 0 123 159 3 1 78 100 3 4 9 6 0 0 10 10 0 0 10 5 0 0
16.00-16.15 15 9 0 0 106 125 3 0 64 85 0 1 17 6 0 0 17 12 0 0 17 6 0 0
16.15-16.30 20 8 0 0 105 131 1 2 56 80 1 2 12 3 0 0 13 5 0 0 20 4 0 0
16.30-16.45 11 5 0 0 135 166 a4 2 89 124 2 1 6 4 0 0 18 7 0 0 11 8 0 0
16.45-17.00 12 10 1 0 131 164 q 2 104 126 4 0 8 11 0 0 17 7 0 0 20 8 0 0
17.00-17.15 7 4 1 0 128 129 3 0 71 110 1 0 10 5 0 0 22 10 0 0 32 10 0 0
17.15-17.30 15 9 0 0 159 152 3 0 86 128 2 0 10 4 0 0 22 12 0 0 32 8 0 0
17.30-17.45 12 11 0 0 122 129 5 0 62 7 0 1 10 3 0 0 21 8 0 0 15 5 0 0
17.45-18.00 11 10 0 0 111 116 0 0 59 100 1 1 7 3 0 0 23 6 0 0 18 3 0 0
18.00-18.15 14 7 0 0 93 98 1 0 57 69 2 0 6 2 0 0 13 1 0 0 15 7 0 0
NsAnwIAMIUTIRU YA IauuAINgNNY: NSaANwIgnemalng Janinaavan n2-16
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M1919 N2-14 US1INSITIRTUTIUMNGUEN TM1T QUULWYSINYY AR auws1gTelia (e fu)

-

4943981
W+ | Weans+ | sa | ews .| Tewanss | 50 | e+ .| Tewans+ | 90 | 9w+ .| Tewanss | 50 | e+ .| Towanss | 90 | 9w+ .| Tewans+ | 9o
SOBUA , SOBU , SOEUA , SOBUS , SOBUA , 08U ‘
WY ussyn | W | e ussyn | W | e ussyn | v | e ussn | W | e ussnn | v | e ussnn | v
07.15-07.30 57 47 0 0 7 53 0 0 A 60 0 0 43 14 0 0 115 152 2 0 32 22 0 0
07.30-07.45 100 50 0 0 175 69 0 0 155 76 0 0 52 12 1 0 220 159 1 0 19 15 0 0
07.45-08.00 106 47 0 0 140 70 0 0 137 84 0 0 7 16 0 0 325 147 1 0 19 46 0 0
08.00-08.15 64 58 0 0 98 57 0 0 105 61 0 1 68 17 2 0 185 102 0 0 20 38 1 0
08.15-08.30 87 51 0 0 124 70 0 0 109 78 0 1 65 28 1 0 170 127 1 0 19 45 1 0
08.30-08.45 99 68 0 0 144 82 2 0 105 94 0 0 36 20 1 0 140 104 0 0 11 53 0 0
08.45-09.00 94 52 0 0 101 82 2 0 96 82 3 0 43 21 0 0 170 145 2 0 9 44 1 0
09.00-09.15 99 70 0 1 97 90 4 1 80 103 2 1 29 30 1 0 139 97 2 0 19 35 0 0
15.15-15.30 55 43 0 0 82 82 5 0 7 80 0 0 26 27 0 0 105 142 1 0 27 38 0 0
15.30-15.45 54 55 0 0 59 70 2 0 52 59 0 0 26 25 1 0 75 97 2 0 a5 37 1 0
15.45-16.00 65 43 0 0 63 57 2 0 59 56 0 0 34 29 1 0 109 117 2 0 78 67 0 0
16.00-16.15 73 51 0 0 7 7 1 0 96 84 2 0 54 20 0 0 109 103 1 0 66 a7 0 0
16.15-16.30 63 35 0 0 60 58 0 1 67 63 2 0 29 22 1 0 100 139 3 0 63 72 0 0
16.30-16.45 56 38 0 0 75 61 1 0 79 63 1 0 34 16 0 0 130 132 1 0 62 49 0 0
16.45-17.00 50 29 0 0 75 53 0 0 76 60 0 1 17 17 0 0 145 162 0 0 94 60 0 0
17.00-17.15 92 48 0 0 104 91 0 0 98 75 0 0 48 29 0 0 193 141 0 0 95 60 0 0
17.15-17.30 57 58 0 0 102 64 0 0 96 65 0 0 45 11 2 0 152 98 0 0 84 36 1 0
17.30-17.45 59 a4 0 0 133 69 0 0 127 73 0 0 33 21 2 0 192 151 0 1 73 54 0 0
17.45-18.00 57 40 0 0 104 69 0 0 104 7 1 0 a5 17 0 0 202 138 0 0 82 57 0 0
18.00-18.15 46 32 0 0 96 65 1 0 97 82 1 0 59 10 0 0 165 127 0 0 89 70 0 0
NsAnwIAMIUTIRU YA IauuAINgNNY: NSaANwIgnemalng Janinaavan n2-17




FeuasUHan1TITeatuauysal

M1919 N2-14 USU1INNSITITUTIUMNLEN TM1T QUUWYSIN®Y AR auusegTelia (e fw) (ve)

=

4943981

W+ o | Tewans+ | 5o | aw+ .| Tewanss | 50 | e+ .| Tewans+ | 90 | 9w+ .| Tewans+ | sa | ew+ o | Tewans+ | 50 | aw+ .| Tewanss | 9n

I0UUA ‘ SOBU , SOEUA , SOBUS , 08U , SOBUA ‘
WY ussun | W | awe ussyn | W | e ussyn | v | e ussn | W | ewe ussyn | v | awe ussnn | W

07.15-07.30 38 13 0 0 106 68 0 0 71 50 0 0 23 66 0 0 226 120 0 0 20 93 1 0
07.30-07.45 36 7 1 0 133 71 0 0 99 29 1 0 43 46 1 0 299 125 0 1 25 64 0 0
07.45-08.00 26 9 0 0 160 63 2 0 46 29 0 0 40 43 0 1 125 176 0 0 30 35 0 0
08.00-08.15 26 14 0 0 89 103 2 0 52 29 1 0 90 96 2 0 140 136 1 0 15 38 0 0
08.15-08.30 2 8 1 0 55 48 0 0 33 33 2 0 40 37 1 0 130 163 1 0 20 19 0 0
08.30-08.45 14 13 1 0 26 68 0 0 46 43 2 0 33 70 1 0 90 156 1 0 30 17 0 0
08.45-09.00 16 9 0 0 36 52 0 0 31 35 0 0 21 74 0 0 90 122 1 0 0 20 2 1
09.00-09.15 21 8 0 0 31 61 0 0 36 32 0 0 40 53 1 1 105 167 1 0 0 22 0 1
15.15-15.30 8 8 0 0 36 69 0 0 37 25 3 0 40 87 0 0 111 173 1 1 8 15 4 1
15.30-15.45 18 14 0 0 80 80 1 0 40 40 1 0 55 79 0 1 123 101 1 0 17 21 1 0
15.45-16.00 12 9 0 0 A 80 0 0 38 29 2 0 31 46 1 0 71 111 0 0 15 30 0 0
16.00-16.15 25 6 0 0 84 97 2 0 a7 a5 2 0 52 71 0 1 104 113 2 2 14 28 1 0
16.15-16.30 20 4 0 1 61 76 3 1 a4 42 2 0 58 66 0 0 101 103 0 0 3 27 0 0
16.30-16.45 17 8 0 0 46 114 0 0 41 45 1 0 38 94 0 0 115 119 0 1 6 27 0 0
16.45-17.00 4 9 0 0 14 106 1 0 39 33 0 0 15 43 1 0 103 109 0 0 5 24 0 0
17.00-17.15 14 9 0 0 78 64 0 1 23 58 1 0 71 76 1 0 84 162 1 0 19 49 0 0
17.15-17.30 17 6 0 0 80 64 1 0 44 39 1 0 74 70 1 1 103 130 1 0 14 a4 0 0
17.30-17.45 12 12 0 0 55 89 0 0 38 32 2 0 67 74 1 1 104 130 5 1 12 40 0 0
17.45-18.00 18 7 0 0 75 52 1 0 36 38 0 0 67 81 0 0 104 121 0 1 21 17 0 0
18.00-18.15 30 19 0 2 90 85 0 0 43 39 1 0 61 68 1 0 94 102 0 0 12 20 0 0
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FeuasUHan1TITeatuauysal

M15719 N2-15 USUIUNITITUTLIUNMEN TM12 WaNAaeenIe (Muly AL)

=)

4943981

W+ | Wweans+ | osa | ews .| Towanss | 90 | 9w+ .| Towans+ | 90 | e+ .| Yewans+ | sa | 9w+ .| Tewanss | 50 | u+ .| Tewans+ | 9o

SOBUA ‘ SOEUA , SOBU , SOBUS , SOBUA ‘ 08U ‘

WY ussyn | v | eee ussyn | v | e ussn | W | ewe ussyn | v | awe ussnn | e | e ussnn | v
07.15-07.30 82 116 9 2 43 70 2 4 132 141 6 35 18 69 1 2 30 236 0 0 18 67 0 0
07.30-07.45 73 52 2 1 17 27 1 0 41 59 1 6 75 107 1 1 132 221 4 3 39 65 2 2
07.45-08.00 118 118 8 1 52 53 0 1 95 96 4 20 26 a4 1 1 89 190 5 1 51 87 4 0
08.00-08.15 62 59 5 1 32 33 3 3 52 57 9 20 8 38 4 2 49 159 12 3 15 78 2 8
08.15-08.30 129 100 7 3 10 23 1 5 27 54 6 20 38 65 3 2 49 158 10 2 24 95 4 2
08.30-08.45 39 68 6 3 10 11 0 1 8 a4 5 17 42 61 3 3 60 171 3 2 8 52 7 7
08.45-09.00 45 75 4 3 12 20 0 1 22 51 a 22 17 29 a 2 27 119 9 2 6 63 6 2
09.00-09.15 61 90 10 8 8 18 3 4 18 56 4 30 19 71 1 2 34 168 6 4 9 59 6 5
15.15-15.30 9 120 2 2 3 6 0 2 17 63 11 27 9 79 2 1 53 156 0 1 18 89 2 2
15.30-15.45 21 134 7 1 5 10 2 0 25 69 4 23 12 92 2 1 67 165 8 4 24 68 4 3
15.45-16.00 31 93 7 2 11 21 2 2 45 61 3 30 17 79 0 0 90 172 4 1 13 121 6 2
16.00-16.15 16 110 6 4 3 8 0 3 19 64 6 19 9 93 0 0 94 156 4 1 18 89 8 2
16.15-16.30 21 115 6 2 5 11 2 2 21 62 1 22 26 85 1 2 86 162 [ 1 18 86 1 3
16.30-16.45 29 128 6 2 12 18 1 1 18 85 2 20 25 81 1 0 130 175 2 4 50 75 7 3
16.45-17.00 22 150 3 0 9 13 1 2 33 64 1 20 30 82 3 1 109 132 3 1 41 81 2 0
17.00-17.15 22 156 6 2 9 12 1 1 36 99 5 33 22 82 3 1 143 161 1 1 56 78 5 1
17.15-17.30 45 115 4 3 6 8 0 2 43 83 3 35 a7 65 0 0 133 155 2 0 63 119 [ 0
17.30-17.45 52 127 2 4 5 23 0 0 36 95 2 25 43 96 2 0 113 181 2 0 63 101 5 0
17.45-18.00 32 97 2 2 5 27 0 1 32 61 4 27 33 106 1 1 109 197 1 3 39 81 1 3
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M15719 N2-15 YSUIUNI95195UTHIUNLEN TM12 wenAaednie (Mule Al) (s19)

{a

4943981

W+ | Wweans+ | osa | ews .| Yewans+ | 9o W+ .| Tewans+ | 90 | 9w+ .| Tewans+ | sa | 9w+ | Tewans+ | osa | 9w+ .| Tewans+ | 90

SOBUA ‘ SBU , SOEUA , SOBU , S08US , SOBUA ‘

WY ussun | W | 9ee ussyn | vie | aee ussyn | v | e ussn | W | e ussyn | v | awe ussnn | s
07.15-07.30 20 36 1 1 1 2 0 0 73 161 3 0 12 10 1 3 193 246 5 0 17 37 0 3
07.30-07.45 21 32 0 0 5 6 0 0 68 104 3 3 19 27 0 3 196 216 2 3 a7 30 0 2
07.45-08.00 25 26 1 0 0 1 1 1 72 72 3 1 15 28 0 2 202 175 5 0 36 a7 0 [
08.00-08.15 26 26 4 0 4 7 0 0 54 112 2 4 10 22 0 6 160 209 4 0 20 40 3 1
08.15-08.30 16 22 1 4 2 2 0 0 21 105 4 1 6 20 44 6 72 124 6 1 17 40 2 2
08.30-08.45 11 17 3 5 3 5 0 0 18 109 1 1 11 25 5 6 81 146 [ 1 17 a2 5 3
08.45-09.00 7 22 1 4 a4 1 0 1 16 88 2 6 6 20 a 6 62 125 1 6 12 43 1 [
09.00-09.15 9 18 1 3 2 1 0 0 14 89 0 6 5 20 3 4 38 133 2 4 6 31 0 3
15.15-15.30 12 27 1 3 0 3 1 0 13 107 7 4 8 18 3 18 53 155 5 3 7 31 1 3
15.30-15.45 13 24 0 2 1 2 0 1 13 120 5 3 9 25 1 12 75 163 5 1 7 23 2 3
15.45-16.00 9 22 1 4 4 4 1 0 22 104 2 4 12 41 4 21 7 168 0 0 11 35 0 4
16.00-16.15 13 32 1 2 2 a4 0 0 29 117 6 8 6 23 2 13 a2 120 [ 1 5 7 2 3
16.15-16.30 11 29 3 1 1 3 0 1 22 119 5 2 4 28 2 15 73 211 11 0 11 35 2 6
16.30-16.45 7 16 0 6 2 9 1 1 32 121 5 1 10 30 2 23 88 232 7 1 24 46 2 3
16.45-17.00 19 35 3 3 5 5 1 0 30 147 4 1 7 21 1 15 | 57 151 5 a | 10 28 2 6
17.00-17.15 50 25 8 3 11 9 0 2 101 177 3 0 23 30 2 12 96 203 6 1 18 25 2 7
17.15-17.30 20 27 2 1 5 2 1 0 52 138 1 3 12 42 3 17 | 120 | 205 4 0o | 20 31 2 3
17.30-17.45 17 16 0 1 5 4 0 0 a4 124 11 3 19 33 2 14 | 88 | 223 5 1 23 44 0 3
17.45-18.00 24 12 0 0 2 1 0 0 28 97 2 1 7 30 2 14 78 192 6 0 23 34 0 1
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15719 N2-16 USUIUNITITIDTUSLIUNGEN TM13 wenduudu (Muly Av)

=)

Y3981

W+ | owans+ | s | Qe+ .| Tewans+ | 50 | 98+ .| Tewanss | 90 | aw+ C | owans+ | sa | 9w+ .| Tewans+ | 90 | aw+ .| Towans+ | 90

SOBUA ‘ SOBU , SOEUA , SOBUA , SOBUS , SOBUA ‘

WY ussun | W | e ussyn | W | e ussyn | v | awy ussn | Wi | awe ussyn | v | awe usInn | e
07.30-07.45 4 6 0 0 1 0 0 0 15 30 4 1 45 101 3 10 94 141 3 1 12 4 0 0
07.45-08.00 5 3 0 0 1 3 0 1 10 20 1 2 54 105 4 15 75 157 2 1 14 3 0 0
08.00-08.15 7 4 0 2 0 1 0 0 3 20 0 2 38 90 6 8 57 122 3 2 4 3 0 0
08.15-08.30 1 7 0 2 2 1 0 0 9 28 1 0 25 85 9 8 51 115 1 0 5 6 0 0
08.30-08.45 2 5 1 2 0 1 0 0 0 20 0 2 19 75 5 11 56 98 2 0 2 5 0 0
08.45-09.00 3 0 0 1 0 1 0 0 10 24 5 2 24 108 8 7 31 101 1 3 2 6 0 0
09.00-09.15 1 5 1 0 1 5 0 0 3 13 4 0 13 75 7 7 29 99 4 3 1 3 1 0
15.15-15.30 3 0 0 0 5 0 0 2 30 2 1 22 72 8 6 31 82 1 2 5 5 1 0
15.30-15.45 1 4 0 0 0 q 0 0 5 24 4 1 14 78 12 10 31 90 2 0 3 1 0 0
15.45-16.00 2 0 2 3 3 0 1 q 23 4 2 8 74 10 9 44 97 1 1 7 1 0 0
16.00-16.15 3 6 1 0 1 2 1 0 5 15 4 0 14 83 3 8 43 103 3 1 6 1 0 0
16.15-16.30 2 3 0 1 2 1 0 0 2 20 1 0 23 89 4 8 46 118 2 1 5 1 0 0
16.30-16.45 4 6 0 0 2 1 0 0 14 21 0 0 18 76 6 10 55 107 0 1 1 3 0 0
16.45-17.00 4 3 0 1 2 1 0 0 10 22 3 0 21 7 6 12 48 98 4 0 3 0 0 0
17.00-17.15 1 1 0 0 1 2 2 0 13 24 4 1 31 101 a4 16 46 126 1 1 8 0 0 0
17.15-17.30 3 6 0 0 1 1 0 0 8 35 1 0 27 123 a4 7 69 138 2 0 10 0 0 0
17.30-17.45 5 6 0 0 3 1 1 0 11 21 1 1 25 71 a4 12 63 118 3 0 5 0 0 0
17.45-18.00 3 5 0 0 2 2 0 0 14 28 11 0 22 56 2 5 57 127 1 0 4 3 0 0
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FeuasUHan1TITeatuauysal

A1519 N2-16 USUIINITITIDTUSLIUNGMEN TM13 wendu utu (Muae AY) (9a)

P291987 «
) Toeans+ sa | W+ . Tagans+ 0 | e+ . Toeans+ sa | e+ . Toeas+ 0 | AW+ . Tngans+ 50
W+ILY eI , I08UA , S08UA , I08UA , S0EUA ‘
usIYN W | qwe usIMN e | awe usIYN W | qwe UsIYN W3 | awe usIMN 2LeF
07.30-07.45 60 95 33 8 38 51 34 28 15 60 10 17 58 175 5 0 51 99 3 0
07.45-08.00 50 131 0 0 4 5 1 1 25 65 3 5 61 182 4 0 75 121 3 0
08.00-08.15 55 126 1 1 5 5 1 0 14 79 8 5 48 126 1 0 41 92 0 0
08.15-08.30 56 86 0 0 2 6 0 0 28 55 7 5 29 108 4 3 39 92 0 0
08.30-08.45 43 105 5 3 2 5 0 0 10 78 5 6 36 122 4 0 35 25 0 0
08.45-09.00 23 62 1 1 0 0 0 0 10 58 11 8 22 91 3 1 23 59 0 0
09.00-09.15 23 62 1 1 2 3 0 0 6 66 1 9 25 99 7 2 17 61 2 0
15.15-15.30 11 51 0 0 0 6 0 0 5 66 5 5 28 88 12 6 15 55 7 4
15.30-15.45 19 86 1 3 0 2 0 0 4 81 6 16 45 175 21 7 21 115 11 5
15.45-16.00 20 67 1 0 0 6 0 0 55 12 12 28 134 15 8 18 101 15 6
16.00-16.15 10 73 0 0 3 4 0 0 5 83 16 15 43 102 22 9 21 86 16 7
16.15-16.30 24 78 3 1 2 6 0 0 1 84 17 9 89 156 32 8 48 81 24 9
16.30-16.45 17 63 0 3 0 0 0 0 q 82 15 16 71 149 28 5 35 79 16 4
16.45-17.00 18 57 0 0 0 0 0 0 14 84 3 18 62 166 36 12 39 95 23 9
17.00-17.15 20 87 1 1 0 1 0 0 11 120 7 9 43 148 7 2 27 88 4 2
17.15-17.30 32 88 0 0 3 6 0 0 11 93 a4 8 53 145 5 0 38 91 6 0
17.30-17.45 31 106 1 0 2 5 0 0 8 80 11 8 a4 118 8 2 31 68 7 2
17.45-18.00 a6 61 0 0 4 7 0 0 10 91 a4 8 31 113 6 0 18 52 5 0
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A1919 N2-17 USUIUNITITITUTIUNILEA TM14 LuNauIuAIuas (Mg Aw)

4943981 «
W+ | Weans+ | sa | ews .| Tewanss | 50 | e+ .| Tewans+ | 90 | 9w+ .| Tewanss | 50 | e+ .| Towanss | 90 | 9w+ | Wwans+ | s
SOBUA , SOBU , SOEUA , SOBUS , SOBUA , SOBUA ‘

WY ussyn | Wi | e ussyn | W | e ussyn | v | e ussn | W | e ussnn | v | e ussnn | s
07.15-07.30 5 5 1 0 17 79 9 13 19 19 13 3 1 4 0 0 54 50 1 0 21 39 0 0
07.30-07.45 5 8 0 0 14 91 17 29 23 33 4 1 2 3 2 0 52 67 1 0 23 41 1 0
07.45-08.00 7 7 2 0 9 82 17 14 28 35 1 0 8 4 0 0 67 84 2 0 55 30 1 3
08.00-08.15 2 5 0 0 9 70 4 16 20 31 3 2 2 8 0 0 50 62 1 3 39 49 5 0
08.15-08.30 10 14 0 0 6 68 18 17 8 37 6 0 1 6 1 0 64 a4 0 0 11 56 0 4
08.30-08.45 6 7 1 0 5 73 16 12 14 a4 13 2 1 5 1 0 38 55 0 0 16 31 0 0
08.45-09.00 5 9 1 0 5 71 23 18 15 43 3 1 3 4 0 1 40 55 3 0 3 72 0 2
09.00-09.15 0 10 0 0 2 67 19 16 9 48 11 3 3 4 1 3 34 57 0 0 4 46 1 0
15.15-15.30 5 23 1 0 6 107 16 21 10 a4 3 9 3 7 0 0 51 a2 0 1 12 43 1 2
15.30-15.45 7 32 1 0 3 69 17 14 10 41 3 5 3 8 1 0 49 76 1 0 7 63 1 1
15.45-16.00 8 42 1 1 3 67 12 15 21 38 4 5 0 3 3 0 51 63 2 0 11 38 2 0
16.00-16.15 8 41 5 1 7 84 14 8 19 58 6 8 2 5 3 0 68 60 2 1 29 49 3 2
16.15-16.30 21 38 3 1 10 92 12 13 20 51 3 5 1 5 0 0 73 67 0 1 25 49 1 3
16.30-16.45 6 32 0 1 q 90 16 10 23 53 2 5 3 7 1 0 72 75 3 0 19 43 3 4
16.45-17.00 10 39 3 0 10 99 9 17 22 54 4 3 5 3 0 0 97 85 0 0 16 49 0 0
17.00-17.15 18 20 2 0 20 92 11 15 29 52 1 7 4 6 1 0 96 80 1 0 27 50 1 0
17.15-17.30 15 30 3 2 19 92 14 10 44 a7 5 a4 3 6 0 0 110 54 1 1 27 46 2 1
17.30-17.45 11 22 1 2 11 91 11 11 40 60 1 3 2 8 0 0 115 67 1 0 34 59 1 2
17.45-18.00 14 34 1 0 13 102 10 6 29 43 1 2 7 5 0 0 91 74 0 1 31 48 1 1
18.00-18.15 16 34 3 1 15 106 11 11 22 41 0 1 2 2 0 0 95 58 0 1 10 34 1 0
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M15719 N2-17 YSUIUNI5519TUSHIUNLEN TM14 LenduIumIuad (Mg Au) (sw)

4943981 ’

W+ o | Tewans+ | sa | 2w+ .| Tewanss | sn | ews C | Tewanss | sn | 9w+ .| Yewans+ | sa | 9w+ .| Tewans+ | 90 | e+ .| Tewans+ | 9o

I0UUA ‘ SBU , SOBU , SOBUS , SOBUA ‘ 08U ,
Y ussnn | v [ e ussun | W | e ussn [ Wi | e ussyn | v | awe ussnn | e | e ussyn | i

07.15-07.30 29 25 1 4 15 91 4 6 0 1 1 0 41 45 1 3 117 112 1 0 41 44 3 4
07.30-07.45 24 30 0 0 16 110 1 10 0 3 0 0 53 56 7 2 173 83 0 2 32 37 1 3
07.45-08.00 26 32 1 3 14 108 13 6 0 7 0 0 62 52 1 0 101 64 2 0 63 51 5 5
08.00-08.15 15 24 2 1 19 90 10 4 0 7 0 0 45 43 7 1 85 80 1 1 62 71 2 1
08.15-08.30 16 31 2 2 7 105 17 6 0 2 1 0 26 32 5 2 66 a5 5 1 21 40 5 3
08.30-08.45 14 32 4 1 6 66 15 6 0 9 1 0 30 29 4 3 66 66 4 0 12 32 2 0
08.45-09.00 6 28 2 3 4 90 10 3 0 2 0 0 27 30 13 2 57 55 1 1 12 35 1 1
09.00-09.15 10 48 2 1 6 92 15 10 0 0 0 0 20 33 10 1 51 78 7 2 13 20 4 4
15.15-15.30 20 44 3 1 9 179 36 15 0 7 1 0 11 35 3 5 42 57 2 2 18 39 2 8
15.30-15.45 13 39 2 1 9 94 25 8 0 1 1 0 15 37 3 5 38 69 1 0 6 38 1 4
15.45-16.00 11 29 5 3 6 122 13 15 0 3 0 0 15 42 1 2 42 80 3 1 5 29 1 1
16.00-16.15 27 50 0 2 6 116 16 11 0 2 0 0 26 26 3 1 40 76 4 1 1 28 0 3
16.15-16.30 17 33 1 2 13 119 23 16 0 3 1 0 40 54 4 7 76 81 1 2 10 40 3 2
16.30-16.45 23 45 1 1 15 112 18 11 2 q 0 0 21 60 4 3 64 97 3 1 13 51 6 1
16.45-17.00 10 a6 2 3 10 119 22 12 1 3 0 0 14 50 2 6 67 100 0 0 10 36 3 3
17.00-17.15 36 55 3 5 14 115 24 18 3 5 0 0 21 62 2 1 67 74 0 1 17 33 1 6
17.15-17.30 33 a7 3 4 6 132 13 8 0 5 0 0 30 55 0 2 89 79 3 0 13 31 1 1
17.30-17.45 24 55 2 2 13 110 14 8 0 2 0 0 53 45 2 5 84 76 0 1 12 50 0 4
17.45-18.00 25 23 3 2 15 110 17 8 0 7 0 0 30 45 1 4 61 61 0 0 15 35 0 5
18.00-18.15 21 30 3 0 7 91 17 16 2 5 0 0 28 35 2 4 75 75 1 1 10 30 1 6
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M1379 N2-18 YSUUMIITIRTUTUMUEN TML5 NNVENvsnglay 43 6 auuany3sums (niie fu)

Y3981

W+ | owans+ | s | Qe+ .| Tewans+ | 50 | 98+ .| Tewans+ | 90 | 9w+ .| Tewans+ | sn | au+ | owans+ | sa | e+ .| Tewans+ | 9o

SOBUA ‘ SOBU , SOBUA , SOBUS , SOBUA , SOBUS ‘
WY ussun | W | e ussyn | W | e ussyn | v | ey ussn | W | awe ussyn | Wi | Qe ussnn | v

07.15-07.30 40 135 5 13 45 115 10 37 32 105 1 14 39 67 1 1 21 40 2 5 34 180 6 7
07.30-07.45 70 125 7 14 80 130 4 60 39 146 3 15 51 65 1 5 16 38 3 3 40 185 4 9
07.45-08.00 85 132 3 16 55 120 9 42 35 127 4 18 57 78 0 4 19 55 1 1 46 141 1 7
08.00-08.15 56 139 5 21 36 91 8 48 30 129 13 12 41 59 4 4 21 51 0 5 36 147 7 12
08.15-08.30 30 126 7 16 26 87 11 57 19 128 4 24 23 54 2 4 30 35 0 3 20 118 6 13
08.30-08.45 6 86 1 11 11 62 5 45 26 93 12 20 17 45 2 3 3 51 6 5 6 145 6 17
08.45-09.00 12 105 9 35 9 116 10 56 12 120 8 22 12 48 5 7 7 52 6 2 15 136 7 10
09.00-09.15 8 97 6 32 11 7 13 52 10 103 11 14 12 a7 a 6 7 41 2 5 8 118 3 17
15.15-15.30 35 174 1 29 30 285 15 74 17 134 10 24 7 53 6 10 10 45 4 9 25 170 3 13
15.30-15.45 12 185 16 22 21 167 20 80 20 155 16 21 9 60 5 4 5 23 4 5 22 155 10 9
15.45-16.00 15 138 16 26 20 138 16 67 16 145 16 23 13 54 3 5 9 36 1 5 17 165 3 15
16.00-16.15 16 140 16 16 28 120 9 65 30 134 10 26 13 58 1 2 8 47 6 4 14 137 1 26
16.15-16.30 8 104 6 20 20 141 9 65 32 144 11 25 20 49 1 7 14 38 [ [ 18 133 3 20
16.30-16.45 15 165 8 37 35 185 15 80 42 136 21 21 15 57 4 9 12 43 1 6 22 135 3 20
16.45-17.00 12 125 11 27 | 28 191 29 75 30 128 12 19 | 15 64 2 7| 23 36 5 1 18 125 1 18
17.00-17.15 8 115 10 32 16 166 14 76 43 125 15 22 27 67 1 4 18 51 3 5 22 120 2 15
17.15-17.30 17 105 9 27 16 144 10 72 42 159 14 20 32 68 3 2 23 34 5 2 28 155 5 8
17.30-17.45 22 111 14 20 | 21 139 13 68 | 47 146 11 10 | 31 77 0 6 5 36 2 2 30 125 0 10
17.45-18.00 28 95 10 17 14 141 10 67 56 132 12 19 24 61 4 3 17 25 1 0 30 115 1 5
18.00-18.15 24 93 9 19 20 132 9 59 37 137 7 16 25 56 3 4 10 30 0 1 17 105 0 7
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Abstract: Flooding is a reoccurring natural disaster in Thailand and profoundly affects people’s
livelihood and economy. Understanding evacuation behavior is very important for flood
preparedness planning. This paper aims to investigate the behaviors of urban inhabitants in
traveling and evacuating before, during, and after the flooding. The questionnaire survey was
conducted to interview the affected inhabitants in Hat Yai municipality as a case study.
Applying logistic regression technique, the interview data are then used to develop two flood
evacuation models, including evacuation decision model and evacuation mode choice model.
The results reveal that gender, the number of adults and disabled persons are three significant
factors influencing the decision making and the majority of evacuees prefer using private
vehicles during the evacuation. The authors believe that the results would be helpful for local
agencies in flood preparedness planning, and the concept of this study can be more rigorously
applied to other areas.

Keywords: Evacuation Decision Model, Flood, Logistic Regression Analysis, Urban Area

1. INTRODUCTION

Flooding is a reoccurring natural disaster in Thailand and profoundly affects the city in terms
of people’s livelihood and economy. Figure 1 shows the statistics of flood situations in Thailand
from 1990 to 2010. It illustrates that the number of casualties, including deaths and injuries,
and the economic losses relatively fluctuate every year. However, the trend of the casualties
and losses, especially during the last four years (2007-2010), increases significantly and reach
the maximum at 16,339 million baht in 2010 (DDPM, 2012).

Hat Yai district, Songkhla province, is the center of business, commerce, and tourism in
the southern Thailand. However, the city, located on the area downstream of U-Tapao canal
basin, has been severely and repeatedly affected by flooding, a reoccurring natural disaster. The
statistics of floods occurred in Hat Yai from 1990 to 2010 (DPMRC12, 2012), as depicted in
Figure 2, reveals that the trend of deaths and economic losses rises up significantly in the last
two years (2006 and 2010). Particularly, the number of deaths dramatically increases from 87
to 187 during these two years. Note that the economic losses presented in Figures 1 and 2
include the losses from people’s properties and agricultural products only. The loss of human
lives is not taken into account.
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Although local authorities have put their efforts in flood prevention planning, seasonal
floods repeatedly occurred and adversely affected the livelihood in urban areas. For example,
the massive floods in 2000 and 2010 caused tremendous loss to Hat Yai people and the city
economy. The risk of flooding continues to pose a big threat amongst the residents.
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Figure 1. Flood situations in Thailand from 1990 to 2010
Source: DDPM (2012)
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Figure 2. Deaths and economic losses from floods in Hat Yai district from 1990 to 2010
Source: DPMRC12 (2012)
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Understanding the demand and behavior of travelers and transportation systems is very
important for concerned agencies in disaster evacuation planning (Clarke and Habib, 2010).
However, in Thailand the current transportation planning approaches for disaster evacuation
are reactive and do not take this matter, especially the evacuee’s behavior, into account
thoroughly. This paper aims to investigate the behaviors of travelers and evacuees before,
during, and after the flooding. A questionnaire survey was conducted on the samples of affected
inhabitants in the area of urban Hat Yai as a case study. The paper also focuses on identifying
the factors influencing the decision making in evacuation and transport mode choice. Applying
logistic regression technique, the interview data are used to develop two flood evacuation
models, including evacuation decision model and evacuation mode choice model. The results
from this study would be helpful for local agencies in preparedness planning before, during,
and after the flooding.

This paper consists of the following five sections. Section 2 presents literature reviews,
then the methodology is described in Section 3. Section 4 shows and discusses the results.
Finally, Section 5 concludes the paper and gives some recommendations for future research.

2. LITERATURE REVIEW

Murray-Tuite and Wolshon (2013) comprehensively reviewed the research works on evacuation
modeling and simulation for roadway transportation planning and operations. Various studies
are related to evacuation modeling: the forecast of evacuation demand, the distribution of
evacuation demand with different travel patterns, and the assignment of evacuation demand
with various transport modes to regional/local road networks to reach safe destinations. The
research on an evaluation of management strategies or policies are also discussed in their paper.

Hasan et al. (2011) developed a random-parameter hazard-based model to capture
hurricane evacuation timing by individual households. The model was developed upon the
hazard-based model (Bhat, 1996) by considering the choice of departure time depending on the
risk perception, the household characteristics, and the built environment features. The results
from their research revealed that the variables related to household location, destination
characteristics, socio-economic characteristics, evacuation notice and household decision
making were significant factors highly affecting the departure time. de Jong and Helsloot (2010)
remarked that not only the socio-economic characteristics, but also the communication and
information which had significant effects on the response during flooding exercise.

Charnkol and Tanaboriboon (2006) and Charnkol ef al. (2007) investigated the tsunami
evacuation behavior of permanent and transient residents from two massively affected areas in
Thailand, the Phuket and Phang-nga provinces. They also developed the evacuation models,
based on binary logistic regression technique, in order to estimate the number of evacuees. The
reaction times to tsunami evacuation warning of the evacuees for quick and slow response
groups were also investigated in their research. These information can be applied to improve
the existing tsunami evacuation management in Thailand.

From the literature, several researchers have investigated the characteristics of evacuation
demand and developed evacuation models both simple and complex for evacuation planning
and operations on road networks. However, the more complex we develop the models, the more
difficult we face in model calibration and validation (Murray-Tuite and Wolshon, 2013). Due
to limitations in existing transport models and data availability in Hat Yai, in this paper we
decide to focus on the development of simple flood evacuation models based on logistic
regression analysis for long-term evacuation planning instead of dynamic response operations.

180

nsAnwIANUUTIBUITRdlATItIEauLAINgVNAL: NslAnwIsnemalg Tainasal



FeuasUHan1TITeatuauysal

Journal of the Eastern Asia Society for Transportation Studies, Vol.10, 2013

3. METHODOLOGY
3.1 Study Area

The study area as shown in Figure 3 covers a total of 102 affected communities (zones) which
can be integrated into four major areas (zone groups) following Hat Yai flood preparedness plan
(Hat Yai Municipality, 2011). Each zone group is bounded based on geographic and
demographic characteristics of Hat Yai urban area. In addition, different areas have different
probabilities of being flooded. This probably influences the individual’s decision in different
areas. The four areas cover 25 zones (10,798 households), 24 zones (15,548 households), 26
zones (14,797 households), and 27 zones (15,641 households), respectively.

Area 1
25 zones
(10,798 households)

Area 4

27 zones

Figure 3. The study area

3.2 Data Collection and Questionnaire Survey

The data required in this study are classified into two groups including 1) socio-economic data
and 2) travel and evacuation behavior data. For the first group, the 2011 data are mainly
obtained from Hat Yai municipality office. For the behavior data, a questionnaire was developed
to investigate the behaviors before, during and after the flooding from past experiences. The
questionnaire consists of three main parts.

The first part is about general information of a respondent including gender, age,
occupation, salary, number of household members, vehicle occupancy, and the address of home
and working place. The second part is to investigate the travel behavior and trip chain during
normal days. The trip purpose, transport mode, and trip rate are also included in this section.
The last part addresses the behaviors before, during, and after the flooding. Before flooding,
respondents were asked where they got the source of flood information, and the warning time
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required for evacuation preparedness. During the flood, they were asked whether they had
evacuated, the reasons to evacuate or not, the level of flooding when evacuate, transport modes
and destination choices, and the reasons for choosing the mode and destination. After the flood,
they were interviewed about the recovery period, facilities needed for recovery, and the supports
from local governments.

The questionnaire survey was conducted by randomly selecting 1,600 affected samples
in the study area (400 samples for each zone group). The number of sample size was calculated
using elementary sampling theory (Yamane, 1967) at 95% confidence level. The samples were
personally interviewed by the trained staffs at their home or community areas. The survey was
conducted from July 2012 to January 2013.

3.3 Development of Evacuation Models

In this paper, a logistic regression technique was applied to develop the evacuation models,
including evacuation decision model and evacuation mode choice model. In general, logistic
regression analysis, an extension of multiple regression, is to determine a relationship between
outcome (dependent) variable and predictor (independent) variables (Dayton, 1992; Hair et al.,
2006). Logistic regression analysis can be classified into two types: binary and multinomial.
Binary logistic regression is used when the outcome variable is dichotomous (e.g. evacuate = 1
and not evacuate = 0), whereas multinomial logistic regression is applied when the value of
outcome variables that can be classified is greater than two groups (e.g. evacuate mainly by
walking = 1, private vehicles = 2, and public vehicles = 3). The predictor variables considered
in modeling and their descriptive statistics analyzed from the survey data are presented in Table
1.

In the regression analysis, a linear predictor function y(m,i ) of a set of p predictor

variables x,; for the individual 7 has outcome m can be expressed as

y(m,i) = ﬂO,m & ﬂl,mxl,i + ﬁz,mxz,i ot ﬁp,mxpi @

where
B,,  isthe regression coefficient related to the pth variable and the mth outcome.

In this paper, the evacuation decision model was developed by applying binary logistic
regression. Let P, and X, be the sets of regression coefficients and predictor variables,

respectively. The probability of an individual choosing to evacuate (m = 1) can be formulated as
a logistic function as

e“l'xt
Pl =1) =1rg=
1

- 14+t

@

whereas the probability of the individual choosing to not evacuate (m =0)is 1-P (K = 1).
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Table 1. Predictor variables and their descriptive statistics from the survey data

No Predictor Classification Zone Group Area
) variables (Parameter coding) 1 2 3 4 All
1 Gender = Male (GEN=1) 49.8% 39.5% 50.8% 558% 46.1%
(GEN) = Male (GEN=2) 50.2% 60.5% 49.2% 44.2%  53.9%
2 Age » <=20yearsold (AGE=1) 12.0% 11.2% 85% 7.8% 9.7%
(AGE) » 21-30 yearsold (AGE=2) 31.5% 428% 433% 394% 39.7%

» 31-40 years old (AGE=3) 23.8% 215% 229% 255% 23.4%
» 41-50 yearsold (AGE=4) 17.7% 132% 158% 16.0%  15.6%
» 51-60 yearsold (AGE=5) 9.5% 95% 87% 9.5% 9.3%
= >60yearsold  (AGE=6) 5.5% 1.8%  0.8% 1.8% 2.3%

3 Occupation = Unemployed (OCC=1) 6.7% 35% 6.0% 55% 5.5%

(OCC) = Student (OCC=2) 232% 18% 22.8% 252%  25.6%

» Business (OCC=3) 18.1% 133% 189% 20.7%  18.9%

= Worker (OCC=4) 135% 53% 141% 15.8% 14.0%

» Housewife (OCC=5) 85% 145% 77% 92% 10.2%

= Agriculture (OCC=6) 3.6% 128% 3.9% 3.8% 3.8%

= Government (OCC=7) 21.5% 17.8% 22.1% 16.5%  18.3%

= Retired (OCC=8) 4.9% 31.0% 4.5% 3.3% 3.7%

4 Houschold * No income (INC=1) 195% 26.0% 27.8% 248% 245%
income = < 5,000 baht (INC=2) 103% 10.0% 11.3% 10.3%  10.4%
(INC) * 5,000-9,999 baht (INC=3)  18.0% 17.0% 17.0% 15.0%  16.8%

» 10,000-14,999baht (INC=4) 19.8% 22.0% 19.8% 18.8%  20.1%
» 15,000-19,999baht (INC=5) 14.5% 15.5% 14.8% 22.0% 16.7%
= 20,000-24,999baht (INC=6) 6.3%  43% 43% 5.5% 5.1%
= 25,000-29,999baht (INC=7) 5.5%  42%  4.0% 1.5% 3.9%
= > 30,000 baht (INC=8) 6.1% 1.0% 1.0% 2.1% 2.5%

No. children
5 <12years old = Continuous variable (mean) 0.75 0.56 0.70 0.59 0.65

(CHILD)
No. adults
6  <=60ycars = Continuous variable (mean) 2.13 2.29 2.14 221 2.19
(ADULT)
No. elderly
7  >60years old = Continuous variable (mean) 0.37 0.36 0.49 0.33 0.39
(ELDER)
No. disabled
8  persons = Continuous variable (mean) 0.05 0.02 0.04 0.04 0.04
(DISABLE)
9 Vehicle = No (VEH=0) 6.5% 45% 7.0% 45% 5.6%
ownership * Yes (VEH=1) 93.5% 955% 93.0% 95.5%  94.4%
» Immediately after warning 74.1% 80.3% 84.1% 74.6%  78.3%
(TIME = 1)
= Flood level <0.5 m. 17.9% 11.2% 10.8% 153%  13.8%
10 Time of (TIME =2)
evacuation = Flood level 0.5-1.0 m. 58% 45% 3.0% 7.6% 5.2%
(TIME = 3)
= Flood level > 1.0 m. 22% 4.0% 21% 25% 2.7%
(TIME = 4)
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For the evacuation mode choice model, multinomial logistic regression was applied to
develop the model. Let m = 1, 2, and 3 be the main transport modes for evacuation, which
include walking group, private vehicle group (motorcycle, passenger car, and pickup car), and
public vehicle group (tuk tuk, songthaew, minibus, and bus). To obtain the multinomial logistic
regression model for M possible choices, one outcome (i.e. private vehicle group) is fixed as a
pivot and then the other A/-1 choices can be evaluated against the pivot choice. The probability
for the evacuee choosing M- 1th transport mode can be calculated from

BariX;
Pr(Y’:M_l):HZe:MW' (3)
m=1

In Table 1, note that four groups of household member are classified, including the
children less than 12 years old (5" variable), the adults less than or equal to 60 years old (6"
variable), the elderly over age 60 years (7" variable), and the disabled persons (8" variable). In
this paper, the adult group consists of youths (12-22 years old) and working people age 23-60
years. This group is combined based on the assumption that they can evacuate by themselves,
compared to the other three groups who require special cares. However, the group of youths
should be considered separately in future research.

4. RESULTS

In this section, the data obtained from the secondary sources and the questionnaire survey are
analyzed. The results are given in the first two subsections. The last subsection presents the
evacuation models developed in this paper. The details are as follows.

4.1 Household Characteristics
4.1.1 Household size

Household size and member characteristics are factors that significantly influence the
individual’s decision on flood evacuation and can be used to estimate the number of evacuees.
Figure 4 shows that the average household sizes, classified by four resident groups (children,
adult, elderly, and disabled persons), in four areas are similar. The majority is the adult group
(2.13, 2.29, 2.14, and 2.21 persons per household), followed by the children group (0.75, 0.56,
0.70, and 0.59 persons per household), the elderly group (0.37, 0.36, 0.49, 0.33 persons per
household), and the disabled person group (0.05, 0.02, 0.04, and 0.04 persons per household).
From these results, anumber of household sizes in the four areas can be calculated at 3.30, 3.23,
3.37 and 3.17 persons per household, respectively.
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Figure 4. Average household size by residents
4.1.2 Vehicle ownership

Figure 5 shows the average numbers of vehicle ownership per household in the four areas. In
this study, five types of commonly used vehicles are considered, including bicycle, motorcycle,
passenger car, pickup car, and van. It is found that motorcycle is most popular in all the four
areas with 1.25, 1.09, 1.06, and 1.29 vehicles per household, respectively. The second common
vehicle is pickup car of which the ownerships are 0.43, 0.38, 0.41, and 0.34 vehicles per
household, respectively. The third preference vehicle is passenger car of which the ownerships
are 0.33,0.37,0.38, and 0.33 vehicles per household, respectively. The fourth prevalent vehicle
is bicycle of which the ownerships are 0.33, 0.19, 0.26, and 0.28 vehicles per household,
respectively. From the figure, least common use vehicle is van (0.01, 0.04, 0.06, and 0.02
vehicles per household, respectively). The vehicle least ownership would affect individual’s
decision making on transport use for evacuation. These information can also be applied to
estimate a number of vehicles moving on the roads during evacuation period.
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Figure 5. Average number of vehicle ownership
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4.2 Evacuation Behaviors

As mentioned earlier, the evacuation behaviors were investigated for three time periods
including before, during, and after flooding. The results are presented as follows.

4.2.1 Before flooding

Respondents want local agency to announce the flood warning time for evacuation
preparedness in advance. Table 2 shows that the mean values of the warning time obtained from
all areas are moderately similar ranging from14.27 to 17.56 hours, while the values of the
standard deviation of the warning time are almost the same (3.30-3.76 hours). On average, the
people need more than half a day (15.82 hours) for their evacuation preparedness. This
information is useful for the local agency to provide sufficient warning time to the people.

Table 2. Warning time required for evacuation preparedness (in hours)

Area 1 Area 2 Area 3 Area 4 All areas
Mean 14.27 16.83 14.63 17.56 15.82
Standard deviation 3.30 3.68 331 3.76 3.54

4.2.2 During the flood

Figure 6 shows the percentages of evacuation timing, classified by four time periods:
immediately after flood warning, flood level lower than 0.5 m., flood level 0.5-1.0 m., and flood
level 1.0-1.5 m. Note that the three water levels of the flooding are categorized based on
historical flood data. However, a flood level higher than 1.5 m. is not reported here because
there is no data from respondents. These three flooding levels were used in the questionnaire to
allow a respondent to perceive flooding situation nearby his/her house obviously.

In Figure 6, people in all areas preferred to evacuate (55.75-59.00 %) rather than not
evacuate (41.00-44.25 %). On average, 42.75 % of the people did not want to evacuate, whereas
those who chose to evacuate totaled 57.25 %. Regarding the evacuee group, 44.81 % evacuated
immediately after the flood warning signal given by local authority, 8.00 % evacuated when the
flood level is lower than 0.50 m., 3.00 % evacuate when the flood level is 0.5-1.0 m, and 1.44 %
evacuate when the flood level is 1.0-1.5 m.

From the interview, it was also found that the people don’t want to evacuate because they
worry about their property (40.64 %), believe that evacuation centers provided by local agency
are uncomfortable (31.75 %), and worry about their elderly or children (27.61 %). On the other
hand, the reason for those who evacuated immediately was that based on their past experiences
the floods in the urban area could be return within a few days so they wanted to move their
vehicles, especially passenger cars, to adjacent safe locations as soon as possible.

Regarding the number of evacuees, Table 3 shows that on the average there are 2.75
evacuees per household when the flood level is less than 0.5 m., followed by 2.66 evacuees per
household (immediately evacuated), 2.48 evacuees per household (the flood level is 0.5-1.0 m.),
and 2.43 evacuees per household (the flood level is 1.0-1.5 m.). These results can imply that
the number of evacuees per household decrease when the flood level rises up. The results can
be applied to estimate a total number of evacuees during the evacuation time periods. This
information is very useful for evacuation planning.
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Figure 6. Percentages of evacuation timing

Table 3. Number of evacuees per household (in persons)

Area 1 Area 2 Area 3 Area 4 All areas
Immediately 2.62 2.64 2.81 2.58 2.66
Flood level <0.5 m. 2.50 2.88 2.80 291 275
Flood level 0.5-1.0 m. 2.25 2.13 1.50 3.06 2.48
Flood level 1.0-1.5 m. 2.60 2.67 2.60 1.80 243

Regarding the destination of evacuation, this study focus on two main destinations:
evacuee relative’s house (outside the study area) and public evacuation centers (inside the study
area). However, some evacuees possibly visit other places, e.g. assembly point, shopping store,
or office, before going to evacuation centers. Figure 7 shows that only 28.31 % of the evacuees
left Hat Yai to their relative’s house in other areas, whereas 71.69 % preferred going to the
public evacuation centers, provided by local government, as the final destination. Considering
the second group: 37.75 % went to the evacuation center directly. 25.69 % went to the assembly

187

NsANwIAMIUTIBUTedlATIIEauUAINENNSY: NSAANWITLNMmALYY Tininaava

v1-11



JenuagUnansITeatuauysal

Journal of the Eastern Asia Society for Transportation Studies, Vol.10, 2013

point first and moved to the center later. 3.50 % visited their relative’s house first, then went to
the assembly point, and finally traveled to the evacuation center. 2.44 % first went to shopping
at nearby stores, then went to the assembly point and the evacuation center in that order. 2.31 %
dropped by their office first, then went to the assembly point, and moved to the evacuation
center.

Area 1 Area 2

Area 3 Area 4

All areas

28.31

il
2.31 /li
2.44
3.50

Relative's house [ Evacuation center
[[] Assembly point - Evacuation center B Relative's house - Assembly point - Evacuation center
2 Store - Assembly point - Evacuation center [ Office - Assembly point - Evacuation center

Figure 7. Evacuation destinations

Regarding the means of transport mainly used for evacuation classified by the four time
periods (in Figure 6) and the two final destinations (in Figure 7), Figure 8a) shows that pickup
and passenger cars were the top two means of transport that the evacuees mainly used for the
evacuation to their relative’s house before the flood level was higher than 1.0 m. 33.70 %
evacuated immediately. 51.85 % evacuated when the flood level was lower than 0.5 m. 57.14 %
evacuated when the flood level was 0.5-1.0 m. After the flood level was higher than 1.0 m., it
was difficult for the evacuees to travel by smaller vehicles (i.e. pickup car, passenger car, and
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motorcycle). Therefore, 77.78% of the evacuees used public transports (bus and minibus) for
the evacuation. 16.67% traveled by walking. A minority (5.56 %) traveled by off-road pickup
car. Note that typical public transports (tuk tuk, songthaew, minibus, and bus) operated regularly
when the flood level was lower than 0.5 m. After that special public transports (minibus and
bus) were serviced by local evacuation agencies.

Similar to Figure 8a), Figure 8b) shows that 14.71 % and 73.91 % of the evacuees used
the public transports provided by local agencies for their travel to the evacuation centers when
the levels of flood were 0.5-1.0 m. and 1.0-1.5 m.. respectively. The results obtained from this
part can be applied to forecast a number of vehicles traveling on the road network, and
consequently used to assess the traffic impact in the study area.

Percentage
100.00 £ Public transport
80.00 £ Motorcycle
6000 +~ [ Passenger car
40.00 Pickup car
2000 5] Walking
Immediately ]Flood level<0.5 m. Flood level 0.5-1.0 m[Flood level 1.0-1.5 n;
Time periods to evacuate
a) Evacuate to relative’s house
Percentage
100.00 - Public transport
1200 14.71
80.00 21.00 { 1176 £ Motorcycle
60.00 1 2200 29.41 [ Passenger car
40.00 27.00 Pickup car
44.12
20.00 :
17.00 [ Walking
Immediately [Flood level<0.5 m. :Flood level 0.5-1.0 mEFlood level 1.0-1.5 n¥
Time periods to evacuate

b) Evacuate to evacuation centers
Figure 8. Means of transport mainly used for evacuation
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4.2.3 After the flood

Figure 9 shows that most of the evacuees (70.00 %) returned to their home immediately after
the water receded. 21.38 % took 1 day to return to normal life whereas the rest of them waited
for longer time periods: 5 days (3.81 %), 7 days (2.81 %) and 3 days (2.00%). Regarding flood
recovery time, Figure 10 shows that on the average 40.08 % of the people required 1-2 weeks
to return to normal life, 28.03 % needed less than 1 week, 12.57 % took 3-4 weeks, 10.82 %
required 1-2 months. For a minority, a return to normal life occurred after 3-6 months (3.97 %)
and for some over 6 months (4.53 %).

Percentage
100.00
) 7 days
80.00
[ 5 days
60.00 £ 3 days
40.00 [ 1day
20.00 Immediately after
water recedes
T T T
Area 1 Area 2 Area 3 Area 4 Al areas
Figure 9. Time periods to return home
Percentage
100.00 7
@ > 6 months
/
80.00 7 E4 3-6 months
7 [ 1-2 months
7 4 3
60.00 ; ] [ 3-8 weeks
i 1 i i 40.
P 5 41.20 40.80 39,80 0.08 [ 1-2 weeks
4000 < 1 week
i | 2608 28.20 28.60 29.00
T T T T T
Area 1 Area 2 Area 3 Area 4 Al areas

Figure 10. Recovery time periods
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4.3 Flood Evacuation Models

4.3.1 Flood evacuation decision models

A flood evacuation decision model was developed based on the assumption that individual’s
characteristics (i.e. gender and age) and household’s characteristics (i.e. income, no. children,
no. adults, no. elderly, no. disable persons, and vehicle ownership) influenced on the
individual’s evacuation decision making (evacuate = 1, not evacuate = 0). By applying binary
logistic regression, six evacuation decision models, classified by occupation, can be developed
significantly. The results are presented in Table 4. In this study, the goodness of fit of the models
is assessed by Hosmer-Lemeshow test, Cox and Snell R?, Nagelkerke R?, and the percent
correctly predicted. It is found that the models fit the survey data reasonably well.

Table 4. Flood evacuation decision models by occupation

Model E1: Model E2: Model E3:
Breistorvariabiss all occupations unemployed retired
B Sig. B Sig. B Sig.
Constant 1.140 0.032 0.056 0.983 0.005 0.992
Gender -0363  0.023* - - 2,111 0.070%*
Age 0.138 0.046* 0.764 0.028* - -
Household income - - - - - -
No. children -0.2310  0.043* - - - -
No. adults 0.241 0.012* - - - -
No. elderly persons -0.218  0.051**  -1.549  0.066** - -
No. disabled persons - - - - - -
Vehicle ownership -0.612  0.093%* - - - -
Hosmer& Lemeshow Test (Sig.) 0.122 0.622 0.126
Cox and Snell R? 0.533 0.236 0.283
Nagelkerke R? 0.712 0.319 0.388
Percent correctly predicted 60.1 71.1 68.0
Model E4: Model E5: Model E6:
Prsdbtsiraiabis business worker government
B Sig. B Sig. B Sig.

Constant -1.835 0.146 1.725 0.099 0.293 0.843
Gender - - -1.101 0.010* - -
Age 0.636 0.004* - - - -
Household income - - - - - -
No. children -0.586  0.092%* - - -0.653  0.046*
No. adults 0.562 0.029* - - 0.987 0.004*
No. elderly persons -0.989  0.008* - - -4.124  0.003*
No. disabled persons - - - - -1.987  0.009*
Vehicle ownership - - - - - -
Hosmer& Lemeshow Test (Sig.) 0.303 0.144 0.069
Cox and Snell R? 0.227 0.091 0.167
Nagelkerke R* 0.303 0.121 0.240
Percent correctly predicted 67.1 66.0 774

- Not relevant; * Significant at 95% confidence level; ** Significant at 90% confidence level.
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From all six models presented Table 4, it is found that different occupations have
dissimilar significant influence factors. However, the household income is not a key influence
factor in all model. Regarding the model E1 analyzed from all occupations, the model is
significant to gender, age, no. children, no. adults, no. disabled persons, and vehicle ownership.
The negative coefficient of gender variable implies that male prefer to evacuate more than
female. As we expected, the children and elderly persons are the groups requiring special cares.
The negative coefficients of these two groups mean that the larger number of children or elderly
persons staying in a household the lower chance the individual would evacuate. On the other
hand, the positive coefficient of age implies that older people prefer not to evacuate. The
positive coefficient of adult variable means that the higher number of adults the higher
probability they would evacuate together.

4.3.2 Evacuation mode choice models

Evacuation mode choice models by time and destination of evacuation were developed
to capture the factors that influenced evacuee’s choosing the transport means, including walking,
private vehicles (i.e. pickup car, passenger car, and motorcycle), and public vehicles (i.e. tuk
tuk, songthaew, minibus, and bus). Multivariate logistic regression technique was applied to
develop the models. The models were analyzed by setting the group of private vehicles as a
pivot choice and the results are presented in Table 5 and Table 6.

Table 5. Evacuation mode choice models by time of evacuation

Model M1: Model M2:
Transport MEANS  predictor variables _Evacuate immediately Flood level <0.5 m.
for evacuation - :
B Sig. B Sig.
Constant -0.562 0.679 0.681 0.385
Gender 1.015 0.014* - -
Age - - -0.498  0.080%**
Income - - - -
Walking No. children 0.663 0.013* - -
No. adults - - - -
No. elderly persons - - 0.777  0.100%*
No. disabled persons - - - -
Vehicle ownership -1.527 0.000* -1.897  0.017*
Constant -0.061 0.970 -0.736 0.336
Gender - - - -
Age - - - -
Income - - - -
Public transport  No. children 0.487 0.092%* - -
No. adults - - - -
No. elderly persons - - - -
No. disabled persons - - - -
Vehicle ownership -2.440 0.090%* -2.447  0.004*
Cox and Snell R* 0.122 0.144
Nagelkerke R* 0.169 0.188

- Not relevant; * Significant at 95% confidence level; ** Significant at 90% confidence level.
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Table 5 shows the two mode choice models based on time of evacuation. However, the
two time periods of evacuation (evacuate immediately and flood level < 0.5 m.) can be used to
develop the models because the sample sizes of the other time periods are small. For those who
evacuated immediately, the model M1 reveals that gender, no. children, and vehicle ownership
were three significant factors affecting transport mode choice. The model implies that female
preferred walking more than male. In addition, the larger number of children the higher
probability evacuees chose walking or public vehicles, compared to the private vehicles. The
negative coefficient of vehicle ownership means that an evacuee preferred using his/her own
vehicle(s) instead of walking or using public vehicles. When the flood level was higher than
0.5 m., the negative coefficient of the age in the model M2 implies that an elderly evacuee
preferred walking. The negative vehicle ownership in the two models means that the higher
number of vehicles owned the higher the chance he/she would use his/her vehicle instead of
walking or public vehicles.

Table 6 shows the other two mode choice models based the two evacuation destinations:
relative’s house and evacuation center. The model results are similar to the previous models.
However, the mode choice models classified by the two destinations are not significant to the
evacuation time and the number of elderly persons. The positive coefficients of disabled persons
mean that people would prefer larger public vehicles (e.g. bus) compared to smaller private
vehicles.

Table 6. Evacuation mode choice models by destination of evacuation

Model M3: Model M4:
Transport Means  prodictor variables  Relative’s house  Evacuation center
for evacuation . =
B Sig. B Sig.
Constant -3.365  0.001  0.467 0.624
Gender - - - -
Age - - - -
Walking Income - - - -
group No. children - - 0.613  0.081%*
No. adults - - - -

No. elderly persons - - - -
No. disabled persons ~ 1.943  0.013*  3.313  0.006*

Vehicle ownership - - -3.697  0.000*
Time to evacuate - - - -
Constant -2.324  0.000 -0.106 0.913
Gender - - - -
Public G - - - -
transport Incomf.; ) B . ;
s No. children - - 0.852  0.014*
grovp No. adults 0543  0.021% - %
No. elderly persons - - - -
No. disabled persons - - 3.815  0.001*
Vehicle ownership -1.087 0.025% -3.621  0.000*
Time to evacuate - - - -
Cox and Snell R? 0.164 0.209
Nagelkerke R* 0.180 0.288
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5. CONCLUDING REMARKS

This paper presented the analysis of factors affecting urban inhabitant’s decision making on
evacuation action before, during, and after the flooding. The survey was conducted in Hat Yai
municipality as a case study. The study was divided into three main parts, including the
investigation of household characteristics, the analysis of evacuation behaviors, and the
development of evacuation models. The results of the first part revealed the number of members
and vehicles in household. The second part presented the behaviors of evacuees before, during,
and after the flooding. Before the flooding, people require about fifteen hours for evacuation
preparedness. During the flooding, it was found that 57.25 % of the people want to evacuate to
safe places. The number of evacuees was 2.66, 2.75, 2.48, and 2.43 persons per household for
the cases of immediate evacuation, flood level < 0.5 m., flood level 0.5-1.0 m., and flood level
1.0-1.5 m., respectively. Regarding the destinations of evacuation, 71.69 % of the evacuees
went to the evacuation centers provided by local agencies, whereas 28.31 % went to their
relative’s house. It was also found that most of the evacuees used private vehicles (pickup car
and passenger) as the major means of transport for the evacuation to both destinations. This
may cause traffic problems during the critical period. After the flooding, most of the evacuees
(70.00%) returned to their home immediately after the water receded. Considering the recovery
time, on the average 40.08 % of the affected people needed 1-2 week to return to normal life.
The third part of this study developed two types of flood evacuation model by applying logistic
regression analysis. The first type was to determine the factors influencing decision making of
individuals by occupation on the evacuation. From all occupations, it was found that gender,
age, no. children, no. adults, no. disabled persons, and vehicle ownership were the significant
factors. The second type was to investigate the factors affecting the evacuation mode choice. It
was found that no. children, no. disabled persons, vehicle ownership were the significant factors.
The results and models developed can be applied to estimate the travel demand of evacuees,
improve current and propose new efficient means of transport to meet the demand and needs.
Finally, the authors believe that the concept of this study can be more rigorously applied to
propose disaster management systems before, during, and after flooding in other urban areas in
developing countries. Future related works should focus on an introduction of time series in

flood evacuation modeling for flood preparedness planning.
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Abstract. As the rapid growth of urbanization, risk of flooding in Asian developing cities has been
increasing. Though local agencies have integrated their efforts to develop flood preparedness
strategies, deploy early warning systems, and plan for evacuations, the cities are particularly
vulnerable. This paper aims at evaluating accessibility to evacuation centers in Asian developing
city. Hat Yai city (Thailand) was selected as a case study. In this paper, the accessibility was
evaluated by travel time between evacuees’ houses and evacuation centers. The accessibility time to
the public evacuation centers were determined. The sensitivity analysis was performed to investigate
the relationship between evacuation demand and total travel time in the network. Finally, traffic
conditions on evacuation routes were evaluated.

Introduction

Over recent decades, many countries in the world are confronted by the increasing risk of flood,
which is a result of both global climate change and local environment challenges [1], as well as
rapid growth of urbanization. Flooding in Asian developing cities is increasing and the cities are
particularly vulnerable. From the statistics, the seven most destructive floods of the past 30 years all
occurred in Asia, 90% of those killed or affected floods lived in Asia. The economic loss due to
flooding in this region is about half of the total worldwide [2]. The trend in the future may get worse
if policy makers do not eager to counter this problem.

In Thailand, flooding is a reoccurring natural disaster and profoundly affects many cities in terms
of people’s livelihood and economy. Especially, the big floods in Thailand during 2010-2011, about
50 of 76 provinces were affected [3]. Hat Yai city, the economic center of southern Thailand, was
also severely submerged by flood waters, making the city completely inaccessible by road. The loss
was most obvious in the commercial area. Subsequently, various local agencies have integrated their
efforts to develop flood preparedness strategies, deploy early warning systems, and plan for
evacuations. However, it is still at an early stage. One of the main issues concerned by the local
government is accessibility to the evacuation centers.

This paper is to evaluate the accessibility, mainly in terms of travel time, to public evacuation
centers in Hat Yai city as a case study. The results from this study would be useful for the local
agencies in preparedness planning before flooding. The paper consists of the following three
sections. The second section describes the research methodology, then the results are presented and
discussed in the third section. The final part concludes the paper and gives some recommendations
for future research.

Allrights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of TTP,
www_ttp.net. (ID: 202.12.73.65-25/04/14,13:09:32)
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Research Methodology

Study Area. The study area, shown in Figure 1, covers major urban areas of Hat Yai comprehensive
plan. The areas consists of 102 affected communities (zones) which can be categorized, based on
the number of communities and the number of population, into four zone groups, following Hat Yai
flood preparedness plan [4]. The four areas comprise of 25 zones (10,798 households), 24 zones
(15,548 households), 26 zones (14,797 households), and 27 zones (15,641 households),
respectively. Figure 1 also shows the location of 13 evacuation centers provided by Hat Yai
municipality.

N To Muang District
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S
To Bang Klam District

Zone eroup 1
25 zones
(10,798 househalds
33,450 populations

27 7ones

{15,641 households

‘j< ; Q%%
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Zone sroup 2

24 zones

(15,548 households
33,745 populations)

_,—/\
/

/ 128 Z0ri514,797 households 33,640 populatides
‘0 Khlong Hoi 2,123 links
Khong District o

To Sadao District

Fig. 1 The study area

Data Collection. Understanding the demand and characteristics of travelers and transport
systems is very important for local agencies in disaster evacuation planning [5]. The data related to
flood evacuation behaviors of the travelers in the study area was collected and analyzed (see [6]). It
was found that 57.25% of the residents would evacuate to safe places, e.g. public evacuation
centers, or their relative’s houses. Most of them would use their private vehicles (pickup car or
sedan) as the major evacuation transport mode.

Development of Transport Demand Forecasting Model. This study developed a transport
demand forecasting model for Hat Yai city (see [7]). The study area (in Figure 1) was modeled
consisting of 2,123 directional links and 679 regular nodes, and 128 zone centroids (120 internal
and 8 external zones). The model was calibrated using the traffic volume count and speed data
observed on 200 selected links and turns (about 10% of the total links). The result of model
calibration was found that the value of R? between the observed and modelled flows is 0.982, which
is desirable.

Evaluation of Accessibility. The traffic information, including flow and travel time, was
calculated by using the developed model. In this paper, accessibility to evacuation center was
determined by travel time from the origin (evacuee’s house) to the destination (evacuation center).
However, the other accessibility indices proposed in previous studies [7]-[9] can also be applied to
future research. The traffic condition in the road network with different levels of evacuation demand
was also be evaluated by the total travel time in the network.
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Let x, and ¢, be the equilibrium flow and travel time, respectively, on link @ within the set of

links 4. The link flows and travel time were obtained from the developed model. Thus, the total
travel time (777) in the network can be calculated from

TTT =Y % X1, . )

Yae A

Results and Discussions

Accessibility Time to Evacuation Center. The first test is to determine the accessibility time to
evacuation centers. In this paper, four centers are selected as the representative of each zone group
(one center from each zone group), including Jiranakorn Stadium, Hat Yai Commercial School,
Saengthong Wittaya School, and Municipal 2 School. The isochrones maps, representing the
accessibility time to each evacuation center, are illustrated in Figure 2. It demonstrates that the
highest accessibility time from the urban area to each evacuation center is about 25 minutes. With
desirable accessibility time, these results can be further applied to evaluate the service coverage area
of the evacuation centers and provide more centers in no coverage area.
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Fig. 2 Accessibility time to the evacuation center

Evacuation Demand. For the second test, sensitivity analysis was applied to analyze the impact
of different levels of evacuation demand on the network total travel time and the origin destination
(OD) travel time. The different demand levels are varied between 10 to 100 percent with the
increasing step of 10 percent of the travel demand during normal period. The results are presented in
Figure 3. It illustrates the exponential increase of total travel time in the network and OD travel time
as the increase of evacuation demand. It shows that the higher evacuation demand, the much higher
travel time accessing to the evacuation centers. The trend is similar to the OD travel time.
Regarding the expected evacuation demand from the previous study (i.e. 57.25% of the normal
travel demand), the total travel time in the network is found at 371,880 pcu-hour and the g5t
percentile of OD travel time is about 26 minutes. These results can be used to forecast the network
situation under different evacuation demand levels.
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Fig. 3 The impact of evacuation demand on total travel time in the network and OD travel time

Evacuation Route. The final test is to demonstrate the traffic condition in the network with the
current evacuation demand. In this study, evacuees are allowed to travel by using their own vehicles.
As shown in Figure 4, the traffic flows are moderately congested along Highway No.4, No.407, and
Nipatsongkrew road, which are the main arterial roads of the city.

Fig. 4 Traffic condition and evacuation routes of the network
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Conclusions

This paper has presented the evaluation of accessibility to evacuation centers in Hat Yai urban area.
The accessibility was basically assessed by the travel time from evacuees” houses to the evacuation
centers. Three tests including accessibility time to evacuation centers, different levels of evacuation
demand, and traffic flows in the network were conducted. The first test determined the accessibility
time to each evacuation center. With desirable accessibility time, the results can be further applied
to evaluate the service coverage area of the evacuation centers and provide more centers in no
coverage area. For the second test, the total travel time in the network was determined from
different levels of evacuation demand. The results can be used to forecast the network situation
under different circumstances. The last test illustrated the traffic condition and preferred evacuation
routes. The results can be used as a guideline to prevent illegal parking (or double parking) and
unexpected traffic accident, which may lessen the level of service of the main evacuation routes.

Future research can apply other accessibility indices. Road network service level during flood
should also be evaluated. Furthermore, the evacuation travel model choice between private vehicle
and public transport in evacuation should be investigated.
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Abstract: Disasters have occurred in various patterns from both natural and man-made causes
and tend to increase in the future. Disaster preparedness is necessary for concerned authorities
to cope with disasters and prevent critical situations from getting worse. This paper presents the
application of vulnerability analysis to identify the critical locations that adversely affect the
performance of road network most when the network is degraded or failed by any disaster.
Destination accessibility index is proposed to measure the ability of evacuees to access the
destinations (e.g. assembly points or evacuation centers). If the failure or capacity degradation
of a road section affects maximum reduction in the accessibility index, that road is identified as
the critical location. The road network of Hat Yai city is used to illustrate the applicability of
the proposed index. The results can be further applied as part of evacuation route planning.

Keywords: Vulnerability Analysis, Critical Locations, Accessibility, Road Network, Disasters

1. INTRODUCTION

Disasters have occurred in various patterns from both natural and man-made causes. The trend
of disasters are more likely to increase in the future. In Thailand, several disasters, e.g. floods,
earthquakes, demonstrations, and catastrophic accidents, have profoundly affected to the city
in terms of people’s livelihood and economy. Consequently, people and concerned authorities
need to adapt and prepare for disasters that may occur in the future.

Previous approaches for road network planning and management seems to be reactive. In
some disasters, even if the probability of network failure may be small, the socio-economic
impacts on particular areas of the community may be large and need some remedial actions
(Taylor, 2008). On the other hand, vulnerability analysis, as a proactive approach, aims to
evaluate the weakness (vulnerability) and consequences of network failure, irrespective of the
failure probability. This approach can anticipate structural weaknesses of the network and help
to avoid or at least relief potential adverse effects, rather than to react to them afterwards.

This paper presents the application of vulnerability analysis to identify the critical
locations that adversely affect the performance of road network most when the network is
degraded or failed by a disaster. Based on the accessibility index (Hansen, 1959), destination
accessibility index is proposed to evaluate the network performances during normal period and
critical situations. The index represents the degree to which a destination, e.g. assembly point
or evacuation center, is accessible by as many people or evacuees as possible. If the failure or
capacity degradation of such a road section affects the most reduction in the proposed index,
that road is identified as the critical location.
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To obviously illustrate the applicability of the proposed index, the road network of Hat
Yai city, Songkhla province, Thailand; where is the center of commerce, business and tourism
in the southern Thailand, is selected as a case study based on the urgent needs of the local
concerned authorities for disaster preparedness planning. The city is recurrently affected by
floods, especially the big floods in 2000 and 2010, and possibly encounters with terrorist attacks.

The paper consists of the following five sections. Section 2 presents the literature review.
The methodology is described in Section 3. Section 4 shows and discusses the results. Finally,
Section 5 concludes the paper and give some recommendations for future research.

2. LITERATURE REVIEW

In general, vulnerability analysis is a process of identifying, quantifying, and ranking the
vulnerabilities (weaknesses) of individual members or elements in a specific system or network
that internal and/or external factors can cause the vulnerabilities (U.S. Department of Energy,
2002). The analysis results can be used as part of risk assessment process to answer the
following questions: what is the likelihood that the system will fail; what are the consequences
(cost and lives) of such failure; are these consequences acceptable (Baker, 2005).

Vulnerability analysis has been applied extensively in various infrastructure systems, e.g.
electric powers (U.S. Department of Energy, 2002), water utilities (KDHE, 2003),
telecommunication systems (Danfeng and Fangchun, 2009), and transportation networks
(Berdica, 2002; Berdica and Mattsson, 2007; D’Este and Taylor, 2003; Jenelus, 2010; Taylor,
2008; Taylor and D’Este, 2007, Taylor ef al., 2006).

In the fields of transportation, Berdica (2002) initially defined the road network
vulnerability that is “a susceptibility to incidents that can result in considerable reductions in
road network serviceability”. Later, Taylor (2008) described the concept of vulnerability
analysis that is related to the consequences of failure of any network components (e.g. links or
nodes), irrespective of the probability of failure.

Several causes affect to the failure of a road network. During normal period, the road
capacity can be reduced or the road segments (or intersections) can be interrupted by e.g. traffic
congestion, road accident, or road maintenance. During critical situations, the same road
network may be exposed to non-recurrent natural and man-made disasters, e.g. floods,
earthquakes, or demonstrations.

Several researchers have devised or improved the definition and the measure of network
vulnerability extensively. Some commonly used indices for vulnerability analysis of road

networks can be summarized in Table 1.

The indices presented in Table 1 have been used for different purposes in network
vulnerability analysis. In addition, different indices require various factors and techniques in
the analysis. This paper focuses on the evaluation of network vulnerability in terms of the ability
of evacuees or people to access the assembly points or evacuation centers (desire destinations)
during critical situations caused by disasters. As mentioned earlier, the road network of Hat Yai
city is selected as a case study. However, based on the limitation of existing transport models
and data availability in Hat Yai, the potential accessibility, proposed by Hansen (1959), is
applied to propose the destination accessibility index in this paper. The details and formulation
are explained in Section 3.3.
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Table 1. Commonly used indices for vulnerability analysis of road networks

Name Type Description Typical formulation
Topological ~ Supply Proximity of A, =min 25 c
- - i aif “a ?
geographic locations a
in a network where ¢, is the travel time or cost on
link a; Sy =1 if a is on the minimum
path fromitoj;0,, =0 otherwise.
Space-time Supply ACC(iun.tstforftt}}e A,; =4, if T>1,+1,,
constraints ot time A =0 otherwise, where d, isthe
with space in i d
defining the travel distance and v, is the mean travel
behavior speed between / and j, ¢, =d, /vl.]. is
ibilities of an ’ R
Passlt the travel time from 7 to 7, 7' is the total
individual g - : :
time available, and ¢; is the time
required at the destination.
Potential Supply All possible A=, f(C.,) ,where O, is the
accessibility opportunities that ! i L )
h . number of opportunities available at ;
exist weighted by a . i
sosERRetsH and C, is the travel time or cost
between 7 and ;.
Behavioral Demand/ The derived benefit I =In Z e, where I, isthe
utility supply for an individual reR,
from the available deterministic component of the utility
alternatives, given function, and V,, is the deterministic
the preferences of .
. component of each secondary choice r
the individual ) )
in the set of choices R, .
Economic Demand/  The change in ( AE(CS))
supply benefit (AE (CS))

attributed to a
change in the urban
system

1 J! " 2 2 , where
=—|In| Y e’ |-In| D &’
[24 J=1 j=1

AE(CS) is the expected change in

consumer surplus between the two
scenarios “1” and “0”, the two logsums
represent the inclusive values derived
from the behavioral models under the
two scenarios, and ¢ is the negative
of the coefficient of travel time or cost
in the utility function

Source: Taylor (2008)
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3. METHODOLOGY
3.1 Study Area

Hat Yai is a district of Songkhla province located in the southern Thailand. As shown in Figure
1, the city covers about 853 km? including 14 sub-districts with a total registered population
about 378,000 (Hat Yai District Office, 2012). The city is not only attractive to the commerce
and business during weekdays but also popular for Malaysian and Singaporean tourists during
weekends. However, the city is located on the area downstream of U-Tapao canal basin, which
is occasionally severely flooded as reported in 2000 and 2010. Unrest in the southern Thailand
is the other social issue for the local concerned authorities to monitor and prevent unexpected
terrorist attacks especially on the road network in the city. For these reasons, the road network
in Hat Yai is selected as a case study to illustrate the applicability of the vulnerability analysis
in this paper.

~ Thailand
) Y

. Figure 1. The study area
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3.2 Development of Travel Demand Model

Prior to performing the vulnerability analysis, the travel demand model of Hat Yai city was
developed to determine the number of people and vehicles traveling in the road network during
normal and critical situations. The questionnaire survey was conducted to investigate the travel
behaviors during both situations. 2,000 samples were randomly selected in the study area. One
of the interesting results reveals that about 86% of the travelers prefer to use private vehicles,
including motorcycles, private cars, and pickup cars. Only 14% travel by public transports (taxi
motorcycles, tuk tuk, vans and buses). Thus, in this study we develop a simple four-stage travel
demand model for private vehicles only.

Other related information such as link length, road type, and lane width were collected to
develop the road network model using Emme 4.0.3 (INRO, 2013). The road network in the
model is presented in Figure 2. The network consists of 4,659 directional links and 1,482 regular
nodes, and has 211 zone centroids. The model was calibrated using the traffic volume count
and speed data observed on 250 selected major links (about 5% of the total links). The result of
model calibration presented in Figure 3 shows that the value of R? between the observed and
model flows is 0.964, which is desirable.

Note that the developed model may not exactly represent the behaviors of the travelers
and evacuees during the critical situation. However, based on the available data, the developed
model can represent the likelihood of the travel patterns during the situation.

Figure 2. Road network model of the study area
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Figure 3. The result of model calibration
3.3 Vulnerability Analysis

As mention earlier, the potential accessibility is applied to measure the impacts of a disaster on
the accessibility from surrounding locations (some origins) to a specific assembly point or
evacuation center (one destination) in the study area. However, the potential accessibility
measure presented in Table 1 generally evaluates the easiness in accessing between two
locations (or zones) i and j, respectively. As explained in D’Este and Taylor (2003), the
interconnections between the origin 7 and all destinations jeJ, where J is the set of all
destinations, can be determined using the integral accessibility index. The index, which is a
summation of the potential accessibility measure, is expressed as

_2,9/()

i Zjof '

Following equation (1), the destination accessibility index ( 4/;) can be formulated as

a1 _Z,q,jf(c,,)
¥ Z q,
i/ /) (2)
. Z,- q,j/ ZkeKy f,.;‘c;‘.
Ziqﬂ

Al M

where,
q9; : travel demand from zone i to /,

S - ¢« travel flow and cost, respectively, on path k in the path set K, connecting

between zones 7 and ;.
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In equation (2), AI, represents the ability of the travelers or evacuees from all origins

iel, where [ is the set of all origins, to access the desire destination j (i.e. assembly point or
evacuation center). The authors take the destination choices of the travelers into account by

setting the impedance function f (C,J) as the function of the travel cost (or time) cfjf
weighted by the travel flow flj” of the individuals on all paths ke K, . In addition, the travel
demand ¢, is used in the equation, instead of the number of available opportunities O,, to

consider the impact of travel demand on the degree of destination accessibility. Consequently,

the term g, / ZkeKy f; c,.f , which is the reciprocal of the average travel cost between zones 7

and j (i.e. ZkéK f; cif. / gy ). can be implied that the higher increase in the average travel cost,
4
the lower destination accessibility.

The procedure for road network vulnerability analysis in this paper follows a traditional
approach. The steps can be summarized in Figure 4. The step starts from the calculation of the
normal network, called full network. Next, the links in the network are partially (or fully)
selected, called candidate links. Later, each candidate link is partially degraded (or completely
closed) in turn. The network is called degraded network. This step is based on the assumption
that the probabilities of the failure of all links are the same. Then, the accessibility index of the

degraded network from the failure of link a, denoted by Al can be determined using equation
(2) whereas ka and cfj‘ can be obtained by solving a static traffic assignment problem in
EMME. Following the steps, let 47° and AI, be the destination accessibility indices of the

full network and the network degraded by a link a e 4, where 4’ is the set of all possibly
degraded links (candidate links). The absolute and relative changes in the accessibility index
can be calculated from A47 = 4I? — AT’ and ARAI =1- Al / AIY , respectively. As noted in

Taylor (2008), the absolute change may be suspect because it has no specific scale. On the other
hand, the relative change, which represents a proportional or percentage change, may be more
intelligible. Thus, the authors use the relative change in this paper. The link is considered as the
critical location if the road is cut off (or degraded) by a disaster and, consequently, the
destination accessibility index is reduced significantly.

Calculate the performance of the full network ( 47,)

L 2
Select candidate links partially or fully

v
Reduce capacity or cut the link « in the
set of candidate links 4 < 4

v
Solve the traffic assignment problem
and recalculate the performance of the
degraded network (A7)
A 2
Identify critical locations from the difference in network performance

Figure 4. Steps of network vulnerability analysis
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4. STUDY RESULTS

In this section, the results of three different tests, focusing mainly on the major urban area of
Hat Yai city, are presented in the following subsections.

4.1 Impacts of Disruption to Major Bridges, Tunnel, and Intersection

The first test is to apply the destination accessibility index proposed in equation (2) to evaluate
the impacts of five potential critical locations (as shown in Figure 5), including three overpass
bridges (B1, B2, and B3), one tunnel (T), and one major intersection (I), on the migration of
evacuees to the five main evacuation centers (D1 to D5) provided by Hat Yai municipality. The
centers cover four zone groups (ZG1 to ZG4) in the urban area.

oD

Figure 5. Possible critical locations and evacuation centers in Hat Yai municipality area

The test is conducted by individually disrupting the potential critical location and
evaluating the accessibility measures of the full and degraded networks, respectively. The radar
plots of the relative reduction of the measures at different locations are presented in Figure 6.
The results vary by different locations. The disruption of the overpass bridge Bl causes
relatively small impacts on the accessibility to all evacuation centers because it serves low travel
demands and has high reserve capacity. On the other hand, the disruption of the overpass bridge
B3, which is the major bridge carrying high volumes of traffic from the south bound to the city,
causes high reduction of the accessibility, especially to the center DS. Moreover, the failure of
the overpass bridge B2 contributes to large impacts of the accessibility to the centers D2, D3,
and D1, respectively. Among the five locations, the intersection I and the tunnel T can be
considered as the top two critical locations that adversely affect the accessibility to all centers.
The reasons are that these two locations handle high travel demands, whereas their reserve
capacities are quite low. From the results, it can be implied that the reduction of destination
accessibility relies mainly on the levels of travel demand and the reserve capacity of link.
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Figure 6. Relative reductions of destination accessibility from different locations

4.2 Critical Road Locations

The second test is to identify the critical road locations in the urban area using the steps
presented in Figure 4. The accessibility to the center of each zone group shown in Figure 5 is
evaluated and used to identify the critical road locations. The results of the top thirty critical
road locations are presented in Figure 7. The results show that the locations of critical road for
each zone group are different. From the investigation of the developed model, it was found that
the top critical locations heavily depend on high travel demand and low reserve capacity,
similarly to the findings from the previous test.
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. Zone group 3  Zone group 4
Figure 7. Critical locations in the urban area

4.3 Sensitivity Analysis

The final test adopts sensitivity analysis to investigate the variability of the top critical locations
from different degrees of network failure, resulting from different severities of a disaster, and
different demands of evacuation. Two levels of disaster severity, causing 50% and 100% of
road capacity reduction, are assumed, while three levels of evacuation demands, including low,
medium, and high are considered. Note that the evacuation demands under low and high levels
are assumed to be, respectively, 0.5 and 2 times of that under medium level. In addition, the
medium evacuation demand is estimated based on the travel demand during normal condition.
The results of the critical locations in accessing the city center from the whole network is
presented in Figure 8, whereas Figure 9 shows the results of the top 30 critical locations in the
urban area.

The results show that at the same level of evacuation demand the road becomes more
critical when the degree of road capacity reduction increases. Similarly, the critical locations
change at different conditions of network congestion. These results may be implied that the
location of critical road is sensitive to the degree of disaster severity and evacuation demand.
Therefore, critical road locations should be evaluate thoroughly before using as part of disaster
preparedness planning, e.g. evacuation routing.
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Figure 8. Sensitivity analysis of the critical locations in the whole network
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Figure 9. Sensitivity analysis of the critical locations in the urban area
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5. CONCLUDING REMARKS

This paper applied the vulnerability analysis to identify the critical locations of road network.
Based on potential accessibility index, the destination accessibility index was proposed to
measure the ability of travelers or evacuees to access the assembly points (or evacuation
centers) if a road link was failed by a disaster. A road was identified as the critical location if
its failure or capacity degradation adversely affected the accessibility index most.

Three tests were performed using Hat Yai road network as a case study to demonstrate
the applicability of the proposed index. The first test evaluated the impacts of the disruption to
potential critical locations, including three major bridges, one tunnel, and one major intersection,
on accessing four evacuation centers in the urban area. The second test applied the traditional
approach to analyze the top vulnerable locations in the case that the evacuation center in each
zone group can operate in turn. The results from both tests revealed that the reductions of the
destination accessibility index depend mainly on the levels of traffic volumes and link reserve
capacity. Using sensitivity analysis, the last test determine the variability of the critical locations
from different degrees of network failure and evacuation demand. The results show that the
critical locations are sensitive to both factors. Thus, the critical locations should be identified
carefully before using them as part of a disaster preparedness planning.

The analysis results can be considered as a proactive approach that allow road system
managers to anticipate the potential network vulnerabilities from several consequences of
disasters in the future and to provide strategic plans for alternative evacuation routes during
critical situations. By improving the performance of the critical roads, or by adding redundancy
into the network capacity, e.g. by constructing new bypass roads or parallel paths, the overall
vulnerability of the network can be reduced.

The process of vulnerability analysis used in this paper is a computationally intensive
operation, which takes about 8 minutes for a full run of one link failure on the computer with
Intel Core i5 CPU 1.6GHz, 4GB RAM, and 64-bit Windows 8 operating system. The larger
network may require more computational time. Future research should develop efficient
algorithms for evaluating network vulnerability. The transport model developed in this paper
was restricted to private vehicles only. Multimodal transport modeling and the effects of
saturated and oversaturated flow condition should be considered for future research.
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