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A hstract

The trend for new urbanism which encourages public transportation usage has
increxsmgly oeused on pedesirian facilities. Pedestrian facilities can be delined
as facilities that continuously provide pedestrians with safe access o land uses.
Linfortunately, roadway design prioritizes the needs of motorists while putting
pedestrinns ol nsk. A oomber of studies have developed methods to determine
pedestrian Level of Service (LOS) However, none have considered the road
hiernrchy which has a different design standard, level of road usage, accoess
management and scope of pedestrian needs. This paper develops a pedestrian
index (P-Index) which incorporates selected indicators pccording to Toad
hierurchy in evaluating pedestrinn facilities. The index s an analytical 100l o
rate pedestrian facililies using 5 star rating formats whereby the logher the
number of starz, the better guality of facilities of a particular pedestrian
segment. The method focuses on four indicators numely Facility, Mobility,
Safety and Accessibility, Using Taman Bukit Indah, Johor Bahru as the study
arca, it was revealed that the overall quality of pedestriun facilities achieved
three stars, which are interpreted as walkable. The mting scores of pedestrian
Facility are next inecorporated into Google Maps to enable the public o visualise
the rating score of pedestrian facilities. The mdex can also serve as an
evialuation ool by the authorities for suditing purposes in the provision and
monitoring of pedestrian facilities.

Keywords: pedestrian index, pedestrian [facilities, level of service, road
higrarchy, eveluation tool, visualization
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INTRODUCTION

As population and wvehicle mules traveled continue fo grow, rnnspodation
planners,  engineers and  policy  makers  are  looking 0 non-motorized
transportation, oflen in combination with transit, to relieve some of the pressure
al the traditional transportation system. Transport planners are increasingly
focusing on pedestrian facilities in order 10 enhance public transportation usage
as a measure o achieve the objectives of sustaineble urban development.

The functicnality of a roadway should be balanced with the needs of
pedestrians. Pedestrion facilities can be defined as facilities that continuously
provide pedestrians with safe access w land uses. Unfortunately, roadway
design priontizes the needs of motorists while putting pedesinians at risk,
Pedestrians would be well accommodated 1F they recemved the same design
considerations as moforists. To accomplish this task, roadway designers musst
understand how road design impact pedestrians and prioritize accessibility,
Despite becoming a key policy reguirement, no ool is yet avatlable (o measure
the quality of pedestrian Facilities in relation to different raad hierarchy,

Tans paper presents-a pedestnam index method that measures and relates
pedestrian facilities 1o different road hierarchy, Pedestrian facilities can be
defined os Facilities that continuously provide pedestrigsng with safe access o
lamd wses, This study Tocuses on four indicaiors e evaluste pedesttan facilities
namely, facility - promote case of usage; mobility - continuously availzble;
sifely - physically and spabally separated: and accessibility - closeness to land
LR

This paper will next review the cument nsk facing pedestrians, followed
by the discossion on the method of assessment on the quality of pedestrian
factlitics. The next section shows the derivation of the pedestrian index (P-
Index) and the computation of the P-index for the study area. The linal section
demanstrates the application of the P-index in the Google Maps.

PEDESTRIANS AT RISK

Based on statistics road oceidents were the third highest couse of death smong
Malavsian whereby it was reporied that 25 of every 100000 Malavaian died in
year 20013 alone (Roval Malaysien Police 2004). The increasing trends in car
eovnership further heightened the number of conflict between pedesinans and
vehicles. The Malavsian Mowrcyeles Safety Program  launched by the
Malwysian Govemment i 1996 involving black spot treatments, overtaking
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lanes, motorcyele lanes, junction improvement and curve improvement have
heen successful in controlling the problems invelving metorcyclists, However,
pedestrians as road users have not been given attention although they are
categorized as a vulnerable group. In Malaysia, most of the people killed by
road sccidents are pedestrians, cyclists and motorcyclists (Roval Malaysian
Police 2008). Although the main reasons that attnbuted to the high numbers of
pedestrians accidenizs is due 1o careless crossing (Gob etal, 20120, the lack of
mood quality pedestrian facilities is an equally imporiant factor.

CGienerally, pedestrian safety has not been given necognition. Al present,
not all roads are provided with pedestian facilitics (Public Works Department
1985), The existing pedestnian walkways are either badly buwilt or poorly
maintained, Many lootpaths are obstructed by holes, garbage, tables and chairs
and even vehicles. The vulnerability of pedestriang is further increased when
they have o negotiale among mdving ruffic while crossme, Noise, fumes,

ohstruetions and dangers from speeding vehicled also increaged roads hostility,
which makes it unpleasant lo walk.

Table 1 shows the rond fatality statistics for all categories. It can be
seen from that the number of death mvohang pedestrian is the third highest after
car passenger’drivers and motorcyele pilliondroder. 10 the oumber of moad
fatalities mvolving pedestrians 18 combined with bicyele pillion/riders, which in
most cases share the same space, the total is higher than any other categories
which are 27%,

Toble |: Head Fatality Statestics from Juby 2008 and 2009

Consumer Categories | 2008 | 2009 | Difference | Percentage
(Ye)
Possenger/Dnver Car . | 102 | 127 25 45
Muotoreyele Pillion/Rader 300 174 74 .7
Pedestnian 47 43 fi i28
Pillion/Rider Bicycle o N - 3 14.3
| Bus Passenger/Driver i i S | 0 i
DrrvenLorry Attendant 14 | 6 2 143
Drver/ Attendant Van i2 g -3 -25
[rriver’ Amendant Hace 4
Wheel L1 o | 373
Dihers Yehicle 1 i 5 S0
Toral S h1H [ 21.4
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Table 2; Pedestrinn Acgidents [njury Type (2005-2014)

njury | s | zone | zoe7 2008 2009 010
Type

Fatal (GO0 (173 | 395 (210 | 63621 | 9 (25%) | $93 (25%) | 636 (20%) |
ST 47 i T 180 Bli 36
Iajury

Lighi 2175 1403 1430 | 18 117 ala
imjury

Tokal X521 2TY9 X4 Pl 23717 216l
Tatol Registered Yehickes & Total Mopelstion gy at 31 December 1008

Tatal PE816A0T | B8990, 732 | D625 T8 | IT. 70000 | Pzl | 2000695
Regidered 3
Wirthicle *

MFopalutiom | 26,130,060 | 26640080 | 27173000 | 27,728,700 | 285 510000 | T R4S 44
- g
Podestrian Deaths Rate o

Dagasily

IR 0,4 bR [ .1 3] {31 (L3l
wicheeles

Inzath /

L0 fH 1 223 2% 21 2 200K
people | | g _ : LSS | e
S TP Kuan e .Ilj«"‘ul.rl'ﬂ'ﬂ'b\i. ramapart Dhepeartioend, Myaraiey o Tevmspent | MEIT A Renni' Marmrnan

Pofiee (JO0F-2000

Although pedestrian death rates per 10,000 vehicles and per 100,000
peoples have reduced from (040 m 2005 w 031 i 20000, the number of
pedestrian fatalities has remained constantly ligh at an average of 608 deaths
per year with the highest number of 636 in 207, By imphoation, efforts to
improve pedestrian safety have been minmal since there is negligible dilference
between the yearfy death rafes,

THE RELATIONSHIF OF ROAD HIERARCHY AND PEDESTRIAN
FACILITIES

The rosd network system is based on a simple hicrarchy which is 8 means of
defnng cach rmdway m erms of iy funciion such that appropnate objectives
for that roadwiay can be set, and appropriate design critena can be implementied.
Muast trips origintate on local oads, before going through cellector roads and
ultimately o arterial road, which are miended o camry a lirge volume of vehicle
at refatively higher speeds, This svatem is based on the asswmption thal most
trips occur by motor vehicle, so most of the facilities are designed primarily for
modor vehicle travel (FHWA 2009), The system results in road designs that do
not serve pedestrians well for severul reasons as follows:
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a  Some collector and arterial strects are built with inadequate or no
sidewalks or wallkways., discournging or limiting  safe  pedestrian
movement along sireets.

s Bince arferial ropds are designed o facilitate smooth and efficient motor
vehicle flow, they often have multiple lanes in each direction 10
accommodate high motor vehicle tratfic volumes. It has & direct effect
on the complexity of rond crossing, thus incréasing nsk (o pedesinians.

o Wide streets encourage and allow higher vehicle speeds, which relate
directly 1o more severe injuries to pedestrians when an accident ooours,

a  Twpically, wide arierial streels have intersections ihat are even wider
due o the addition of multiple tum lanes. This requires pedestrians o
cross longer distances and watch for more cars in mon: lanes.

»  Wide intersections and those with muliple tum lanes create a fong wail
for pedestrians. 1F a crosswalk is closed, the pedestrnian is left with three
choices: cross illegally with no signal protection, walk a long distance
around the intersection, or walk o another location o cross.

Until transport planners integrate the needs of pedestrian facilities for
all types of road, the trunsport svstem will not work in lotality. For example, for
arterial road which accommodate high volume of vehicles running af relatively
high speed, treffic signal should be provided to facilitate: pedestnan crossing.
On the other hamd, the solume and speed of vehicles for local road is
significantly low, 5o it is not necessary to provide zebra crossing. Therefore, it
is important to consider the chamctenstics and requirements of different rmad
hierarchy in designing facilities for pedestrians.

METHODS OF ASSESSMENT FOR THE QUALITY OF PEDESTRIAMN
FACILITIES

Evaluation of pedestrian facilities is important o determine how well a facility
is fulfillmg itz mtended objectives. However, there are vanous factors which
pied to be considered when assessing the gualily of pedesirian Mcilities since it
varies gceording 1o the needs of pedestrians,
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Figure | Pedesrian Meeds Hicrarchy

Semprvie: Babiano 20T

Figure 1 shows the pedestrian needs herarchy proposed by Babiano
(2003). The dingrnm has been adopted based from the human needs concept by
Mustow [ [568) and Max-Neel { 15992), The attnbules indicated on the nght side
of the figure corrésponds to the factors that would divectly fulfill the paricular
need on the left. There are factors that could satisfy two or three needs at the
same time I is hypothesieed that the basic need of pedestians is 10 move,
Fulfilling the needs hierarchy would provide a comresponding increase in the
satisfaction level of pedestnans,

AL the lowest level, pedesinans need o move from an ongin o a
destination point Grven that the need for movermnent has been satisficd, the next
level of need Tor pedestrians 15 1o feel protected, meamng o feel safe along
walking paths. In the next level, after the need for protection is satisfied,
pedesirigns: would want o fesl at eazs while walking, This relers 10 more
secure, comfortable and convenient walking paths. On a higher level, if
pedestrians would feel at ease, he would want to enjoy his walking expenence
Ths level 15 dependent on vanous factors swch as location of pedestnan facility
and level of hierarchy of roads. On the highest level is the need for identity
which refers to the concept of being able (o identify with the surroundings.

Review of existing pedestrian facilities 15 impartant as pant of an overall
strotepy o ensure thot walking facilies provide acoeplable levels of
conneciivity and demonsimie design consistency. Because of the various levels
ol needs, different methods have been applied 1o assess pedesirian facilities,
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The level of service (LOS) concept was first developed for vehicular capacity
studies connected with street and highway design, and it was later adopted for
pedestrian  facilities. This section reviews selected methods 1o evaluate
pedestrian facilities according to different variables from previous studies
{Sarkar 1993; Khisty 1994; HCM 2000: Landis 2001 ).

Sarkar (19493) proposed a qualitative method to compute pedestrian
LOS based on six factors, which are safiety, security, conveniendce and comfort,
continuity, system coherence ond attractiveness, She described qualitative
attributes of pedestrian environments as opposed to their quantity, thus, the
measurement of each factor cannol be easily calibrated,

A methodology which results m a LOS of the facility as perceived by
its users was developed by Khisty (1994} He identified six ¢ntera namely;
attractiveness, as a pleasant and interesting walking experience: comfort, which
reférs to adequote spoce to ennble ones to walk at their own pace; convenience,
which 15 good connections and services; safety, which refers to conflicts with
cars and with other pedestrians, security, such as good lighting and police
presence and lastly system coberence, which means clear orientation and easy
navigation. Although Khisty’s method provides a guantitative measure of
pedestrian LOS on a point scale, the results from this scale is not easy to
imterpret. A fundamental question remains as whether these scaling systems
really address the pedestrian facilities and do pedestrians apree with these
sgaling systems.

The Highway Capacity Manual (HCM 2000} defines six ranges of LOS
(from A to F). However, pedestrion facilities are given equal treatment with the
other motor vehicles. A mathematical model was proposed by Landis et al
{2001) based on five variables: lnteral separation of pedestrians from motor
vehicle traffic, presence of physical bamers and buffers, outside lane traffic
volome, motor vehicle speed, and vehicle mix, The Landis’s model has been
developed for roadway sepments only, but intersections have not been
considerad.

Table 3 summarizes the limitation of various models in assessing the
pedestrian LOS, It can be concluded that different variobles and evaluation
eriteria were considered, and as s consequence, there is no definite method to
assess pedestrian LOS. However, none of the methods considers the need of
pedestrian facilities according 10 road hierarchy, Thus, this research fills the gap
by incorporating selected criteria of pedestrian LOS, as well as road hierarchy
mnto the P-lndex computation.
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Table 3: Limitation of Various Models in Assessing the Pedestrinn LOS

MODEL | PEDESTHIAN LOS

f VARIABLES

EVALUATION CRITERION

LIMITATION / SHORTOOMING
OF MODEL

Sarkar Safety, Securnily, Convenignce

1995, and Comforf, Confinuity,
System Coherence and
Adiractivencss

Khisty Anractiveness, Cemfort,

REG Y Convenience, Safely, Socurity,

Svstem Coherense and

Csalitative attribuies of pedesirian
environmenis are described, bul not
aqqueanti fied.

."‘;l-l.lu_ulu_h- Eﬂ;ﬁy's imethod provides o
quantitative measwre of pedesirian
LS on a poant scale, the redalis from

Combinuity this seale s not easy 0 imeTpret.
Dixon Prowision of Basic Facilitics. The method is simple and casy 1o
[ 195} Conflicts, Angnities, Maotor apply bl criteria poinis are randomly
Yehicles LOS, Maintenance, chosen.

Travel Remand Manapament,
Mulgumsdal Provisions

Highway | Space available per pedestrion, | HOM 2000 focoses on case of
Copacity | Flow Eales, Specds movermenl which bias o medor
8 ET TR vehicles
[000) | e i
Langhis Lateral separation of pelesiring | The model has been developed For
(20H01 § frovm motor vehicle traltic, roichway segpments only. Inlersections
Presence of physical barriers e aol been considened.
and buffers, Outside lane tralfic
velume, Mtor vehicle speed
and Yehicle mis
Ciallin Design fctors, Location fictors | This medel 15 based on plysicnl
(201 and Liser factor deseription of pedesirian facility and
their wetghtape in Pedestrion Level
O Service goore. Pedestrions'
percepiion is med incluced m the
| enlculation,
S5TUDY AREA

This research wos conducted in Tamon Bukil Indah, Jobor Babrg, Jobhor, A
township located in the heart of Nusajava, Iskandar Malaysia, Johor, The
township launched in 1997, has a population of over 60,000 with over 100
houses. Bukit Indah is designed based on the award winning “Australian Green-
Street Concept™ characterized by extensively landscape environment and
meticulousty designed houses with wide access ways. The torwnship recognized
as one of the better design development hias won an array of landscaping awards
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inchuding the Johor State Landscape Award 2001, National Landscape
Competition 2001 and Best of the Best National Landscape Award 2005,

The neighborhood was selected as the study aréa because it is the hub
for human activity, Walking is the most convenient mode of movement due to
the proximity to the different type of land uses. However, there are peveral
liypermarkets and facilities Jocated within the town center of Taman Bukit
Indah which generate high volume of motorized traffic. Hence, there s a need
o mssess whether the facilies are  pedesirians friendly.

The study of pedestrian facilities was conducted on varions rosd
sepmenis covering different types of road hierarchy including the Arterial,
Collector and Local roads (Table 4),

Table 4: The Detail Information of Selecied Road Segments

Road Road Hierarch Road Length
Sewment | (Widthin feet) gl Bame oy
3 Arterial Road (66) | Persiaran Indal 3,16
[ 2 Arterial Road (66 Jalan Indlab Utatna 1.90
3 Collector Rod (510 Jalan Chongkat Indak I.E3
[ Collector Road (501 | Jalan Indah 1572 0.71
5 Local Road (401) Jalan Indsh 17/3 0.26
B Laocal Road (40} Jalan Indah 134 .44
7 Local Road (40) Jnlan Indah 1074 .52
B Local Road (40} Jalan Indah 1673 0141
| Tatal 0.23

THE FEDESTRIAN INDEX METHOD

The P-Index wtilizes the 5 siar roting formaiz where the beiter quality of
facilities of a particular pedestrian segment, the higher the number of stars,
Mathematically, the P-index (P) 15 a funchon of three cnteria - Index of
Pedesinan Facilities of Arterial Road (Pag): Index of Pedestnon Facilities at
Collector Road (Py) and Index of Pedestrian Facilities at Local Road [Pyy).
The functional relationship between P-index (P) and the enteria is given m Eq.
{1} below:

P=Ime= Fr'#!Pr.n'} [Eq 3]
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Few = facility indicator for collector rond
Fru = facility indicator for local road
i, = botiard fagility

i = ramip facility

Z = zebra crossing facility

TS, = pedestrian trafMc signal Bcility
ki, = padestrian refuge island facility

W5, = pedestrian warning signage facility

&, BRI TS, W5 = 2 ilfavaifable on both sides
I if avanlable on one side
{1, if not available

Lo M = |, i available
0 if not avarlable

Mobifiny (M) Indicator
The Mobility (M) indicator describes the provision of a paved, continuous

pathway relative to the ol length of roadways for the pedestrians, The formula
fior the Maobility { M) indicator is as in Equation 7 helow;

050,
4 [ ‘f:-“]" ue (Eq.7)

Where:

O = total length of paved pedestrian pathway, calcolated on both sides of the
roads {km)

[ = total length of roadway, calculated one-way (km})

Safery (8 Indicator

The Safety (5} indicator describes how safe the pathway is for the pedesinans,
For this purpose, o safe pathway s defined as pathways that provide both spatial
and phiysical separations between the pedestnans and the motonzed vehicles.
The forenula for the Safety (5) mdicator 15 a5 10 Equation 8 below;

0.50,, 1
5=[_1;-Ej”'m‘ 05D, <D, (Eq. 8)
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Where:

My = total length of spatially and physically separated paved pedestrinn
pathway, caleulated on both sides of the roads (km)

D = fotal length of paved pedestnian pathway, caleulated on both sides of the
rosds (km)

[ = total length of roadway, calculated onc-way (km}

Accessibility (A} Inddicator

Finalky, the Accessibility (A) indicator measures the closeness of houses to
gelected Band uses. The formiula for the Accessibility (A) indicator 0= s in
Equation 9 below;

2L
A=L1 w100
& (Eg. 9)

Whine:

L= percent (%) of houses within walking distance 1o land uses f, (= 1,2, ... &

COMPUTATION OF P-INDEX FOR TAMAN BUKIT INDAH

The calculation of P-Index for the vanous road sepments L.e. Py, Poy and Py
is shown in Table 6. Meaning that all the indicators. Facility (F), Mobility (M),
Safety (5) and Accessibility (A) were added and then divide by four, which
meeans all the mdicators have the same weightage. Then, the nexi step 15 to
colculate the value of Pag, Pog and Prp. The value of arterial rosd (Pag) was
obtained by dividing the total score of (Pyg) with the number of each road type,
n. The same steps po to collector raad (Pey) and local road (Pyy) as shown i the
Table 7.
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Road (F+M+5+A) i
Segment F vl b ] A 4 Rating
i 2083 5554 B34 31,81 ¢§_|:5_E :!-m
3 el DTN ) 1211 3150 K530 5 slnrs
3 I ] L] 3180 0% | stwr
4 | a0 | 9iss | 0| 3iml RS | 3sans
5 il [§] J1El 795 | Tstar
f i i i 3.5l T | atar
T Ml 0 L} J1.8} 105 | sing
H i {1 ] JLEL T5 | stur
Table 7: The Calcalation of P, PCR, PLR
Rosd Tvpe Total Senre That value of Pag, P Pig
Pax (48, 88+K5, 2002 7,04
Pim (140854000, 8442 25,05
Py (795470547 45470504 T.0%8

The next step is o calculate the coeflicient &, by, by, The coefficients were
obtained by dividing the road length (km) for each road hierarchy with ihe odal
road length (kim). Table B shows the calcalation of the coefficients {5, B, b

Tuble 8 The coelficient by, by, by

Roud Hierarchy :‘f;:’ LS | Cocficients (B, b b)
Arterial Road 5,006 by = 2 100= 0.5442
Collector Road 2 54 by = ';'% = 1= .2752
Loce Rond 161 |-t i00- 0176
ol = .21 LN,

From Table 8, f1, = 05482, b, = 0.2752 and b; = (11766, so that the final step is
o calculate P, which is the overall rate of pedestrian facilities using the
improved method as shown below:
P = b Pag) + by (Pey) + By (Pre)

= (L3548 Poy + 0275 Py + (K177 Py

=0 548 (67.04) + 0.275{25.65) + 0,177 (7.95)

= 45,1993 (3 stars)
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Acconding 1o the P-lndex method, the three stars rating for pedestrian
fecility in Teman Bukit Indah can be interpreted as walkable (Refer to Table 91
This means i relation 1o the nctual facilities, the new improved method is
correctiy’ and ruly describe the guality of the facility because 1t considers the
different purposes of pedestrian needs according to different road hiermrchy.

Table % P-Index, Star Rating and Associsted Colour Codes

Cobour Codes P;E;S:H Star Rating Description
(- 20 b Dangerous for pedestrions
21 -40 Ll Unfavoursble 1o pedestrizns
4] - &0 + W Walkahke
B - 8§ * & &% | Supporiive towards pedesirians

Bl - 10K | ek s a

Verv pedestrian fricndly

Snnrerr Senlv o Nefrow JIXE

Finally, the results ore mapped according to the star rating. Figure 2
shows the visual star rating of pedestrian facilities for the road segment in the
study area which is Taman Bukit Indah. The three star ratings can be interpreted

s walkable according o Table 9.
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GEOCODING RATING  OF PEDESTRIAN  FACILITY IN
GOOGLEMAPS

P-index can be wanslated visually 2o that the value of mtings cin be more
meaningful. This simple concept is presented here through the use of Google
Muaps that would dynamically display pedestnan walkway’s mting information.
Using Google Maps has many advantages. 1t s free, highly accessible and
ubiquitous. A life example of these ratings in action can be viewed online at a
this webpage is shown in Figure 3. On this particular webpage, visitors can
view the quality of pedestrian facilities, Clicking on any of the markers will
open dn info box with the name of the roadway it represcents and an image of the
pedestrian walkway (Zaly and Melson 2008),

Ol € ooy P lmiles vallur Rakin Biarive Meanin
- 1] | orremety unaets T wallomg
- 1 - 38 - Heatile fommty pedesinms
- a1 - a0 w4 Iielvwiiralbe 10 duaile i

41 - Gl LR R Wsllcalsls
fi= 5 61 -840 wrew®  Supportve towards pedectnam
Rl - G0 o Very Pedettan Friensh/
= i
-'.-|-l‘7 -:_-._ ‘_ —aaiw — L] -m rI
—_—r — - —
L Bl ]
A |
- O T T
b 1 =
' .
11
— = T
""'\. S ".
=i - \ -
-_._II ¥
.d"'-‘ | | i
) i )
— - -
Crg - o

Fagie 3: Colour-codsd Lines Represcnting 3 Verent Ratings of Pedestran Facilay
using Google Map
e Fly sl el 20N
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CONCLUSION

The P-index 15 an analvtical tool developed to increase the visibility of
pedestrian needs in urban planning policy applications. [t encourages urban
planners, city agencies, developers and community groups o use the index and
its econcepts for ransportation and fand use planning and as an evaluation tool. It
give benefits fo the local awthority mclude standard puideling to measum
pedestrian facilities and as a tool for Town and Country Planning Department
(JPBD requirement as well as auditing purposes. For the developer, the
benelits such us marketing tool and improve the quality of property of the area.
Lastly, for the community, it will benefits ihem in terms of credte 4 walkohle
and healthier communities.
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