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Abstract

A considerable amount of literature has been published on pedestrian LOS. So far, however, there is a limitation that
LOS analysis methodologies has concentrated on quantitative variables such as pedestrian flow rate, speed and space. This
paper intended to suggest the accessibility variable which can not be considered on previous study. The factor was defined
and quantified using public transport attributes in particular. This study was carried out in three phases: 1. defined
accessibility employing public mode location and service information. 2. investigated the relationship between accessibility
and pedestrian flow rate 3. developed the model to establish the factors affected to pedestrian LOS. The results showed that
accessibility, walkway attribute and land use type affected the pedestrian LOS. Especially, accessibility and commercial
area ratio had negative relationship with LOS. Futhermore, pedestrian LOS declined when obstacle of bus station located
on the walkway. On the contrary, LOS was upgraded when sufficient effective width or residential area was secured. These
results can receive considerable critical attentions related to determination of pedestrian LOS or effective walkway width.
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- Table 1. LOS threshold for pedestrian walkway in HCM(2010)
T —— | LOS Review I I Literature Review | .
e ‘ | Occupancy  Pedestrian Flow e
- LOS Space Speed Rate Ratio
I (mfp) (m/min)  (p/min/m)
Methodol
| Definition of Accessibility | B >372 276 <2297 <031
C >2.23 >73 <3281 <044
D >1.39 >69 <4921 <0.65
, | Datacollection | E >074 > 16 <7546 <100
e I
: Y LOS Determination F <074 <4 N
Of Walkways on Seoul
t Table 2. LOS threshold for pedestrian walkway in KHCMV(2013)
V. Model Estimation | Model Estimation | Flow Occupancy P Pedestrian
* LOS Rate Space (o/m) Speed
(p/min/m) (ni/p) p/m (m/min)
e | conclusion | A <20 >33 <03 >75
- B <32 >20 <05 >72
Figure 1. Flow chart C <4 >14 <07 269
D <70 >0.9 <11 >62
o mge P5 4% 9 A4 43 B BEae f <16 >038 <26 M0
Weelgon ngel dguse 2ed 4 Ay F . R
st AMH| A ol J3E 71X E TEd 89S A4
'6]'%{\:]- a%zjlo E“E‘ % ?__-]19] _8_911: ‘;’l A]/\]_;g’ 6(}::;“ V/C %’% i_lz_;ﬂl?_ Z]J’JL_E %’%—6}'5—,- 9\)\‘:}(K1m et al
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v HOM2 B34 % (pedestrian speed), K% 78 2P mygue T}
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7IRke 2 B F-&(flow rate) 2 B (pedestrian T BAE e Ze wAsE 727
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Table 3. Literature reviews related to pedestrian level of service
AL Title Variables Methods
(Year)
Kim Evaluation Criteria of the Walkway Flow rate, occupancy space, speed, noise, (Classification
(1999) Level-of-Service in Korea convenience, lighting
Kim et al. A Study on Estimating Level-of-Service for Stair:flow rate, walkway attributes Case study
(2002) Pedestrian Facilities Queuing area:occupancy space, pedestrian body
ellipse
Lim et al. Estimation of Pedestrian Capacity for Walkways Flow rate, speed, density Regression
(2002) analysis
Kim et al. Estimating the Level-of-Service for Walkways Flow rate, noise, lighting Fuzzy reasoning
(2006) by Using Fuzzy Approxiamte Ressoning
Kim et al. An Analysis of Influencing Factors to Quantitative index:pedestrian volume, traffic signal, AHP
(2008) Pedestrian Quality of Service by Utilizing walkway attribute
Analytic Hierarchy Process Qualitative index:pedestrian behavior, walkway
maintenance, information
Kim et al. A Development and Application of Evalutation Stair:flow rate, walkway attribute Survey,
(2009) Criteria for Pedestrian Quality of Service using Queuing area:occupancy space, pedestrian body ANP
Analytic Network Process ellipse
Kim et al. Factor Analysis of Pedestrian Perceived Quantitative index:pedestrian volume, traffic signal, Survey,
(2009) LOS(PLOS) walkway attribute factor analysis
Qualitative index:pedestrian behavior, walkway
maintenance, information
Shin et al. A Development of Service Quality Evaluation  Safety, comfort, accessibility, convenience, continuity SEM
(2009) Models for Pedestrians in Newtown Using
Structural Equation Modeling
Jang et al. A Study on Level of Service of Pedestrian Flow rate, pedestrian body ellipse, walkway attribute Survey,
(2010) Facility in Trasnfer Stations at Urban Railroad AHP
Kang et al. Development of the Bicycle Level of Service ~ Width, number of collision, volume Ordered probit
(2010) Model from the User's Perspective model
Kim et al. Evaluation of Pedestrian Road Level of Service Behavior:flow rate, density Survey,
(2011) by Survey and DGPS DGPS(S.D of speed, acceleration noise) descriptive
analysis
Kim et al. A Study on Enhancement Methods of Level of Volume, walkway width, body ellipse Survey
(2015) Service Analysis for Pedestrian Sidewalks
Frank Pedestrian Level of Service Based on Trip Enclousre, network complexity, complexityspace, Case study
(2000) Quality overhangs/awnings, buffer,shade trees,
transparency
Bruce et al. Modeling The Roadside Walking Environment: Road and walkway attribute, parking ratio, Regression
(2007) A Pedestrian Level of Service volume, speed analysis
Shelia Qualitative Evaluation of Comfort Needs in Stopping places, protection from adverse weather, Survey
(2003) Urban Walkways in Major Activity Centers noise level, pollution level
Thambiah et al. Method to Determine Pedestrian Location, crossing fadilities, turning vehicle, delay, ~ Regression
(2005) Level-Of-Service bicycle events analysis
for Crosswalks at Urban Intersections
Soren Pedestrian and Bicycle Level of Service at Traffic signal, waiting time, crossing distance, Survey
(2013) Intersections, Roundabouts and other Crossings pedestrian facility, average speed of motor vehicles

on crossed road
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Table 4. Estimation result of deterrence parameter for gravity
model

Function Coefficient(3) OD RMSE
-0.745115 111.452644
Negative exponential 8(d.)
ij !
-3.436706 113.069395
Inverse Power 4
Fij=djj

source: Jang et al.(2015), A comparison analysis of factors to affect
pedestrian volumes by land-use type using Seoul Pedestrian

Survey data
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o2 siesly) 1a AASekSooul, 2012, o) 21

Table 5. Measurement items for pedestrian LOS

Category Contents
HCM volume, speed, walkway width,
length of sidewalk, corner radius
KHCM volume, speed, walkway width
Seoul pedestrian  volume, speed, walkway width,
survey obstacle, type of walkway, land use

el Wsh A S P 58 Hektel, /1% 2
A% % 2,000 AR e FEATFE AzA et

(Jang et al., 2015).

B Ao &89 20129 ZARE AP ZALSL B2
AtR R AR AR AL A tiEE @R
£ 539 T 2AAEE 5] Al AAlEn. 24}
WEoges By Z A& o HE §3 H: 4
22 43 5o BRI 2AAH 71F F - $ 50m
W s 135 A 4% 5ol et o<} 37 5&
AT d2ALE TPtk g 243E EgE
HE A ﬁ@d‘jr B M e HEHez
AAE AA- «] B AR ZARTHE 94 TA
30EHH 2% 74 ]30*77]“]0]“:1 5% XA 10% &4
st Yulo® sHEe 5), 7, EQY 78075 24

F

H

o

o
juis)

Table 5& HCM, KHCM3}+&= A 3E & A &4l
FEATRAL AR AL 5SS Yepdth, HCME
7B, Aol E3 3 WS A ARSI A A
FEdTFEANE 7129 B l:{ﬂ} A el E F
E_
kel

2z £8, 79 EAolE &= 5= WA 24

2. M2A| BYE MH|IA F

2012 FEATEAL ARE HlEo R §EATEA}
Aol w7 N2 7 82 Puddr. ©
2,000 2R A= ol o 4H7h EASAY
24o] AeleA] ke A% AHE ALele] 1,977 A

A ARDS BeA A7E SR

Al EE 2 AN BHE BAL BATE
¥ OgR NHE 7 SENEIOR U HYRLS
e Fodnn, mE vdge B HUUE
gl Aol ek 97 AFA(AM 8:00-9:00),
93 ATA(PM 6:00-7:00), AHE A7 BFA
W% 5 P2 goletn 1 54L AEsidch

590 Journal of Korean Society of Transportation Vol.33 No.6 December 2015



CHOI, Sung Taek - CHOO, Sang Ho * JANG, Jin Young

Article

LOS Morning (AM 08:00-09:00)

Afternoon (PM 06:00-07:00)

Peak of the day

LOS

LOS

LOS

LOS

LOS

LOS

Figure 2, LOS determination by peak time type
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Table 6. Walkway LOS in Seoul by pedestrian volume type Table 7. Key factors of pedestrian walkway LOS
Pedestrian Level of Service(LOS) Category Variable Note
V(ﬂfr:?)e A B C D E F Accessibility Bus -
Peak time Subway i
(AM 8-9) 1840 82 30 %5 0 0 Walkway Effective Continuous variable
. attributes width
?F(’El\a/lk;—l;;e ez 347 194 24 0 0 Obstacle Dummy(yes or no)
Peak time 1574 207 % 58 2% 17 Braille block Dummy(yes or no)
of the day Station Dummy(yes or no)
Slope Dummy(yes or no)
et AHls FRHER Hlnd 18 FXE Bolu Land use Residential ratio  500m radius
= 48 #o1g 4= 9t} o] EA AR 83 351A Commercial ratio  500m radius
U Adaks 85k @ s T B /b
Al AR E E835197] wlEelt Table 8. Descriptive analysis
B Ao Exo] AZAS X33 Ukt AUt B Variable Average SD Min Max
A} MU 2§30 7= ATFHEE we]7] 9| LOS 462 091 0.00 5.00
L Aol Mula F3to] 714 vkl BExsls A% é)cce)ssibility 1988.27  1387.68 69.85 918824
A aakz 7} 7V A 8}5] o= ME us___
ij i | Bisg f; };; 7];:;?\; " »ﬁcgjgc Accessibility 5.26 426 000 2600
g T2 S TTE 45 (subway)
o F7He A v My duitEei). Land use ratio 0.69 0.28 0.00 1.00
Figure 2t Al 71 AFAIZE 490 nedme] qu (o
24 BE QRS YT A B FES A Al e 0 00 04 00000
24 w2 BESRe WS #U9E 5 Uk C olse
witeZ Aol F AR FE T, TR, AT o we} Hego] Y= ol 2 dre HAdAT
T A el AgE e A 1T 4 Ut oA WE& wgeg Agatdth(Frank, 2000: Jang et
A7 AS, 7, FTET, 5F, AT T A4 al., 2015). 1 W& Table 77} Zt}.
4ol €8t D #E02 bt o.F A% 2%, A A2Ye Mas A geyos goEn. ve
B2 bl whE AR B} A eI 99T Jsas HEd AAE] Axss WAS W fu
Aol HFA Al 5 EG F 5202 HhE A REZ A9E 4R QALE o v ARF R
ol dF =ZHUT. o]F T HagAo] dFH A W AR e At &7 9A AF Fol dEE
e T2 AE A 70%°13 AFE dom AT o}, 718ktzel #HE BE ¥SE 2012 A fE
AZL obd AR Bage] FAHE AMAS § ARz ARdM FEa
& Aot EXo] g HFe A AR 7IEo R 4 A W
A 8 Y 8EAGY & WrE Ahelan =
3. MH|A FQ| FEeol 75 A W& 2012 MA EXO1E A8 ARE Fvke
2 GIS AolA v 500mste] FA 2 3YE=Ad
Heap mgo] AMu|a FEd 9 71X 89S A e APgste] FESITh A 3 g R
FEe] fla e WeES fPadr. Wee 2 AdeR fUEE BgPs 24T WA e
24, BE /18TE, BA0lS PY So= FrEt. T8 8Eoln
AL BPAE Rlete FH 2bdhes A A&7 W] tig 7| 25A 4 Z3= Table 8%
AR E AT B 7skxe Byt HAjeta Aelst 2}, FEUF e s FES FREH AS 0
A 82 e ASE el AUEE PP A FHIR A Ao s Sge B
ot} mi|Eto 7 Exjo]g & Z=d Ex|o]& ) 4.62, XFAA 0.912 A9} Bell 49 HE] JF
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Table 9. Correlation analysis between flow rate and accessibility

Variable Flow rate Accessibility  Accessibility
(bus) (subway)
Flow rate 1 0.521%* 0.398**
Accessibility 0.521%* 1 0.286
(bus)
Accessibility 0.398** 0.286 1
(subway)

** @ statistically significant at a level of a =0.01,

Holithe e &1 = glrh HA H2e
ARPE e A, ada AgzsE
2 ghE BF A WeR g 1,988, #59

60.852 2 WA} AT, AstH AoNe FF
5.26, EFAAE 4.2602 AR ¥4 500mull
3 ° 5H%§E° A 9 277} AXsdeh. A
12 Z2ARF 9 500muy
°$ T0%A1 % _Zl‘ﬂ%E?_ Ao BALAt. g

2 % 20%< L= A e

B A7 diRed J24 W BaRE 7Y
FABAE A ES A= Table 99 2t} H3F80]
W2 J29%= 0.5, Ak 2= 0.438% ¢
9] AHAE Hole AR Yt F e #ge 4 A
Aol B Fgol dFFE ol TS 71:vha 22
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Al
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th & AFelAME ol s

stk wekA o5 el S7H e AH| A FEe
HEE on|ditt. 53] FE5GT) o)k oleke HellA
Sl FEUte) Ay AS HT F e
=24l (probit) L] Agteirt, L=Hl v exg
o BX5 74 FEX Ul Fodch w3 Hy
Al FEE ouiske Wgt AAE 2te o
(y=0,1,2,3,...)017] wlitel] 48 Z28 23S &
A m¥oz st F5HFE o 2ol A9
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y=0 if y <y, (LOS F)
=1 ify <y < p, (LOS E)
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Table 10. Model estimation results for pedestrian LOS

Variable Coefficient  t-value ;gg;g?:;
Accessibility Bus -0.001 -6.986 0.000
Subway -0.068  -8.286 0.000
Walkway Effective 0.081 6.120 0.000
attributes  width
Obstacle -0.671 -8.230 0.000
Braille 0.051 0.714 0.475
block
Station -0.181  -2.071 0.038
Slope 0.070 0.921 0.357
Land use Residence 1839  -6.986 0.000
Commerce -2133  -8286 0.000
Threshold ~ Mu(1) 0.185 5.781 0.000
parameter  niy(2) 0501 12784 0.000
Mu(3) 0846  22.102 0.000
Mu(4) 1306  31.760 0.000
Statistical No.sample 1,977
verification LL([)’) -1,503.656
s 0.231
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Table 11. Cross tabulation of predictions
A B C D E F

A 1,079 443 21 32 0 0
B 23 157 13 12 2 0
C 16 " 58 " 0 0
D 13 0 0 35 4 6
E 8 0 0 0 13 4
F 8 0 0 0 0 8
Total 1,147 611 92 90 19 18

Note: row is actual, column is predicted
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