bbb o in

[f.p'az;"’fw‘b Vol.13, No.3, Autumn 2025
T 7 V4 -6
LA,

t S0 0 lixo Wiy (6 S pwenal S Ig) w3 (S (59500ky Sl sy Ll b))l
S 392905y (59 yg0 axdllao

¥ oo lwa ! duws FT Al oo 59 15l

ewsb pll el axles ciaiis olSiils (5o paid cwiige 0uSisly ¢ S Dledlbl (slapiia 09,5 )| owlid IS (ggisls =)
swsb il peal axles s ol8ails (g o patd cwiaige 0aSiily ¢ SIS Dledbl glapi 09,5 sliul -Y
ok (pillal axles ciais olKiils (5518 pandi pwiige 0uSiily ( SlSKe Sledbl slagia 09,5 (5 5SS (seiils Y

VEELYNY sallie Gl d,b VE YO -l il s gl

LRV

bl @ly il lagasli 3l gladle jo (ligrd gy 5 ez dle Gl 0 o A 5 59500l ol 4 4z L
e &S Sl diay ol jo cadanislis x>l e 5l S (Walkscore) sl STy asls ailoas &3] (6 el sbdlaxs 10 (59,0000 colils
b pole gl bl e 5005 o5 0 50 1) (59500l E909e alite sl g Canl 4Bl dnngs olS 3SThe (B 4 (o ytwd Jlns
cilize slodn 4 by je ggitie Slogasls 5l ey lacgeze 5| 6rSos b wsgrooln Coll obj)l 6l lamin Gty Saa
ol o el 0ad (gilwesly 5 (b (e o)laesiz (5 el AT Sy 50 Bail 5 (005 SloGEe, S sy 5 300k
has o S5 wny SloplS 1o g ond il 600l Corll caliss slad b Ladye el YE ald clcgarme st alf 48 i,
39 TS5 O O 9 Je Sl Julow jolaieds (lopyaiat S g pmenl) lapatll Badl ) 90 9 chliie (g9 5l
dlianasi 55,00k slagasls 5 )bl sleamin slive 2 sos S5 9,55, b soleniny (29, 9,8bes coaled 53 el o olil
b Jlail o (6 )5 LS lous 8150 09,995 SiS )L Jlsl2 &5 wms oo i g gl b (o)) ety Slalllae o
amlie aiies Slllae dibie )3 55500k Sl Jood 2 S5 Jelse (it ) Rl sl S ainn g SoSe JB
3 el Ses (69,5, (&4‘6‘}’?‘,}::1-’“" 2 e 2l VF 4 b el olul 1alS) pos (s L 4T Sls lis alises (slags \liw
Olyeds (ol anr 0 4 b als slal 2alS) pow (S2)lw 9 435 )15 @ el wlindy 9,509, » (e &5 J3l (S0l L amlie
oS ol oLt anlie ol @l b el Walkscore atii b sadamls slaiasls auglio ool o s asslis Jolae (glay ;s
Walkscorel (s iy (Slsad (ol @ S (ol slojlne 2 () po o)l 5o 305 S oS5 s, 5l s xSese

33loign w1 (59,00l Skl (a3t W)l (sl 0 )lmeriz el 50 Gl 5 00059 (3Tl Ll S gy gl ol

Walkscore «colus Judos ¢ S8 o )Loediz (6 18 vl (59,0000 ColB a1 brojlgands

*

cewsb pallial axles ciais oRaily (6l padds pwaige 00SaSlS el pe ablis pards (Ll ¢l 4 0T A cdin g
SYAV-AAAYY VY c il
Email: taleai@kntu.ac.ir



SialS 4 o Yoona b s, cnl 18 5 0] wiloo s
les claaS s aS | > wis s o b Jolos cdo
Al ol ool asils Sibled JolS jslo 4 auilys sad
Alidee slod Sug) 4 Joe Colar (o p izen
loaile Joase WL 55 bajline 32855 (23059
Obizes S )90 Slalllhs 092y L cnlple
Aieils aS 5 lo dgzg xd uils jo cege s BISLE
Srbp Saa by agh (ol ol i laow
el gy Lo Sal, a0l 5 LacslSs ol 0,5
Jgas sl o0y plomil g j0s 3blis 1o ggy00k
5 oozl b ol o 43555 45 Cansl oyl gy Lol
sloosls 5 (Lo o )lmadiz (65 paeuas slay)
slagasls ol I S5e slagasld cculie
ity Loyl sl Lol 5l s (plwlid 05 20
255 6,90 5 S0 At Gblie )3 (55,000
e gy (R ol ol Joe
$lply GBIS » (Gie) (e o)lmoiiz (55 pooas
S oo Wbl 6 et bl ;5 (59 00l bl b))
3l go—ste Slacgome Ul ool (oW asllas oyl yo
2 g9yl e lB oLl 138,50 sla ezl
sy iz ol 5l g gal> jsb 4 6 et bl
ol szl ) i sleoasls 5 oad
bz glahg) Ly (o209 (ololid wisplls
5 & (AP Ld dcgazmo (ol 4 ST L g (580
Sl ) 5o als cal 5 s S el el
ol 8 el slaosssy Koo b (59 00k (Ken
oo (2l ST Slidms ggdge Algie 45) 04 oo
sloaatls b Lagas Lt gLkl gl Sl
o=l aslie (LSGI L al salgs Sbj )l sadaslis
ol 3 e g ool ailid slaasls b e ls
s Laglls 008 aS i Ly oS ja50d 500l 05
Sl ez laTges Aty JBg Jo>
oSS (SN 5 9,00l SebB b)) 5 addllas
Sys— odgazme (lsie a4y lagh (nl 95 9900 led
el oty bl asdlbae

S0 Slelbl (5,9lad |Lawdigo — ole oy i

1EoF jaly @ g Lot @ > jasw Jluw

doddo -

3 ol @bl S8 0 S rb (59000
09,° Sl i 5l lodes (15u .l (6 b Sl
S yh 5B 9 095 o0 el o3l &0 42 (6 0
Sl Log= slel o o Blas vn o)lyus
Jo¥o 5l SO LY g0 ] 808 e eSS ool (sla i
Sz g clie Laze (ladd (55,00l 4 aBle pue
Sl ) SdasS St (lple Sl (59 00k sl
S S 4 0050 a5 50 Wi oo (55,000 slo
P9y S Blse 4 69,00l Sl S o 9 S
2 Sledss el g ool losd @Bly Soo e i
blas g5lws)l 5 aiS sl @blnl @l jogas
Sy B 4 (55500 w59 00k slaiSlu ) hes
e 9 elwlid (Bae polan Js by o
sl slets) 5l sxSosre 5 9 S sl asls
sle,Bal,y 51 S5 Laoljooly s Giomiw Cys
R REWIRWNTy

Lo 8o, 5l (S ity Sliniod s Gulul
5 @S ot «s9y00ly S oL 6l a8
ol IF 5 7] sl Gl o )lno sz Sl (slaig,
Sl 5l gamaiz 5 el (s LSl Lo,
S Oyl dn g oS oo ool 8 1) (555000,
S glolisn 1) a3y slaoggs b oS o SWS

= Baes g9,00l Cibll ae 5o (LS Sl
9 ey 35l ool (Bl sla sl
ot Az 51 dp as L oyl alonds 55 pee L]
69,00l 225 e Sl (soled willys od Lol e
ailailen annds oldlas 31 6 e ains b |,
CbB o JBS5SU Jelse ples JolS 5 aal> 5l
pa eizmen [0] aims 13 ) 8500 1, 595000
3 Lol josln el sldosls ay o i
Chb el () p Sl pge sLo s
dgaS Jdo ay Slalllas 5l golass .l (595000
g ooy slacsl sl JolS 5 .85 slaoosls
oolitsl plrs (sloaSs asile iy Kla slaosls



GO URG g2 G0 (5905L Tl sl yadsli byl

UlJMQJSS.’ |JLm

e sgpeoln glaasd ciS bl ¢l )
aslis «BCS» lgic a4y oS byyle ol [V o] wis )5
9 Sl e (29l Olge 4 Wigh o
5 69l d iy 4 azy Ly sl Sl o
Phe Julge olaws ion slaosls degezme 4 oy
Llad (59)00ly bl pa3ls b)) lp 6t
5 0,10 aalsl e a i) ol o Glallao 50l
Woaz Jlse plesl g olulid UL ogd oo (oD
o a4y g a8l dxngl 2l )5 59,00k (sl asLs
el sl sl Jlw ol alas 51 goloss

AS‘SQ e oolaul Sy90 GLKDUDLM:
% i sl Jas 5 59,00k slagasli (956
4 aS Coul gg,00ky coblB oL, slall 5l (SO
..\_»5‘;9 L.)’“_”"’ ‘) uaM g,u.tﬁj.c ASJ ) ‘55)0¢Lu
A w0 b9, 5 6o e b abels cpl VY]
o=l aes o olasl Ve e g5kl oyl
3 adies LISl ooly (g yiiws olul 5 5Ll
9 ol.iw)s,c] sLb(S_M:sJSJ‘)P 9 leol.i_wjﬁ 4_14>
Jig oz 5510w slalad ¢ lacs )L daolKiils
D s doilma Glo o g dlage ST g Ko
Iy Goyooln ol oSG (Soo 5 ulul 15l o)
9 P E95 L ys S an Lol S o0 205
Loeljooly oS 5 lsmgl (o501 ¢ 31,55y 55 el
030l (g5 00ks slacuglgl o I, sladhaie 5 Ko,
55l STy dacasgase ol pé e VY VY] 5%
5 9y00ly bl (Dbl sln 925 5 g ante ()10
YL jo 6 pp—d gblas o (Sus; caS sgpo
3 a8 conl gz Bblas plaw g LS oo

11 walkscore

Pl

4 ot iy A 50 sl Ghegi ol 5o
6,00k bl a0 39 250 Dlnal )
099y Sslmwooly g adl)l o (o alsl j5 00,8 o
odsl Cowd dy gl (iS50 5 Dg oo 00ld 1
2 ealed y0 0gb e gu s Al slalos ]
g asdllae (ol @l AoMS (g S Al § o iy
5 $9 0ol bl Olllas 0oy sl Slolping

g g0 ahl 6 b 65,000
S laie 4 w5 3blie 53,00k allB L)
Sz alie SO st (b SIS ST Jele
g%l b aezloe slagby, 5l (So el (S o
Sl (G0 0 )lmaniz slodlods 5l (65050 00 Jlne
=S58 5L lons wilisie slal cnl oo 51 LA 5 V]
Oladllas )5 08 oo Lol (plo) 285 e b a5 e
) Sl $30sn (Seib sLb s 55U
OB )8 ol 00l 5 dae (65,00l <L
5 e ST me 4w (124Y) 55,5 wlalllas
Al BDs» g e anaS oS Sl b
o e slelre (oloj yo0 4 2] was
3ol 9 9t 039581 (e (sla S Cow i
(St b 5 JSb L lad e (500 ope Jslse
ooloy plple Sl 5 5 )8, slo Shy Geizres
g O8Y) )Sen Pogped 085 I3 azgi 350
O USRS SV O I

! Density

2 Diversity

3 Design

4 Density, Diversity, Design
> Tim Pharoah

% Connected

7 Convenient

8 Comfortable

¢ Conspicuous

10 Convivial



S0 Slelbl (5,9lad |Lawdigo — ole oy i

1EoF jaly @ g Lot @ > jasw Jluw

(& s Slakie Sl ;i olalas ciunax Nl il ass 5 1,8 aolinul 050 calizes Slalllas
ol ac e 5o s ool lple el g oands s opdle b el ooy 3 g ol ,o [VF 510
Kgd bl (g9500ls colild L L, Jelse 9 6t UGl &y sy (o)

2l oldlas 55 G900l Cabl (a2l (3,1 )0 S0 slagasli i) Jgur

9¥ey | 9dssIyel | g eleldl gonlyd | 9 Jorle 5Lt il g ge sl
oo oo oo ol Kes o) Kes ao0les ekl
[y.] [val (YAl (vl [¥] ’
4 v 4 ohosly B¢
v v v s, €z
v v v oS
v v v lesal, ol
v v o (eSS
Vv oboolﬂ Jromtow
v v oS!l
v v v v e LAS e Colas
v v v 2i5el 351 Syl
v v v NERTNERE
v v v Sl 4 gy
v v v v Pl (S8 S5 gl
4 4 4 Sleyd ST Sl
v v v v Sleas 3510 gl
v v 9o gl
v S Syl
v v gl ol sl
v v v Jlasl las
v P9 00> JBs
v v S JB
v v S Ldlzs
v e Lglas olass
v cloolas Jlgl,3
v e lre S e iy
slaools placss L s an Lo jasls 5 lies Solaz sl iy o pSoin slocd iy o ple
Sloladlas 55 50 g ol oo Jg—ise 4bg o A 50 LSl aS Loyl an s yass Jugnd g o0l
Sz 4 plas glaosls ot pSols glmosls el 00,5 pal,d |, cilizee Lalge 5 Lo lne (5,5

PP



GO URG g2 G0 (5905L Tl sl yadsli byl

UlJMQJSS.’ |JLm

S 595 el (85 1 gy 890 dSG yel oamie
9> 40 9 03— H‘B oo uyl.u‘ ‘;).u.v JLQ_M} 59
s ladllas ooga e o ls 118 e e <L
Yove Jlow o 6y gede A JIY (g0g90> Conox
=0 J)Lc Y- Sgd> 4O Ls».&wj ‘).e(» k)"‘ | 009
2l L 05 5ae Jali | (gpm stasleS VYV Jolas)
asllas () cabbgyro sloools dg>g pue Jdo 4 (>
Ol Sl ol YAY Gy b (6 5SS 03900
NS i ol (Sle axly o )ls 35 63 s0game
Iy o ol Sldllas (slad ¢ lais g0 00gams 4o
andi (V) S o (V) JSeb) v o JoSis
ouds 0ol yiuled S yg000 i 40 axdllas 0,90 ddlaie
0SS So sl GG sleasly 5l S e o]
) 99 45 (5 g-bdn i (08 miy 394 paris
o=l aleads et die G axlg eogase 2l o
o g,Jﬁ.Q_w 9 L_fl_"P wlj_‘al )9_2*@% U,MJLN 05.»&»
ol 00l a8 3 LS an and olad sl Sy
O 5l oolaiwl b S jerau s (ol aloes O ¢ yuimon
S L aslonds plede [50SS5l oglate S,
ABL (A BB (5 pa Ojpods b bl
Ol 5 Y (55,00l CoblB s a0 oS g5 0
S do ooln L L el sl gl plxdl
shyls o ol IV ] el jspmie €osly o)l ple
g ppds Sl bls aSl § Comaz ) sloale
03 S (soges Jaigfo> s I izres 9 ol
a5l o lge ;25T 50 aS sl oy sl S
ul_Q.A.DJD O R O )‘ ‘) LS'AM ‘59))9? )I oolazwl
b U e S50 a4 Al oe die) cnl Ho iy
Sl @l pal, a8l g (oogae Cudlw 1o 600
WS SeS (g9 00k coblB o158l

'Zip code

P

5 F9ple axdlae aiile) 54 o ookl ol josly (slaosls
Sy 53 s o0ls i s 4y a5 (Y- YY) ol San

CLF] sl ons oslial plae jus o 5l ol jo0ly
gt b (Glalllas plol sl (glo 2SSl alies ()]
on & vpebio glaosls 5l 655000 L b Cel 51>
Bl 49568 ol yo alizes slo atls jaal>
baolooly (Surd Lulyd (ol ol olul (ol 098
95 St Slekee bS5 0925 (o el Slons Syl 3
G5y s (5900l Sl F5e Jelse plo
Seelr a0 pn slal (ul 05 Bl L ol
9 95 o a3l (b bl ;o (59 00k Consds
ool 8 ) Lo as s ol e odlolas Jdow oSl
69,00k (Smred (o) OBl ( Ty cnl - o5le o
CatsS o cages Caodh yudii a5 slronyay ple b

Ol S oo ool B ) sl gla)lis) 5 e jlanome
Oz Wlgi ced (um ST b asli aS cul Jb o
oslw la Jdou 4y a5 dums &Sl (gslail i
YIRCE e

il slaghg, U5 Giegiy ol 53 o
2 Lele 52al (55 Us5 slacslial 5 (23059
Lgiass alee ol ol 03,8 sy |, oy gl
aSL wms oo SR (59)00ky el bl s
L) B lihsy gladglds 4 gilo e Comsles
BE-OX I gp-S] W KVRRIUOw IWESg W ES S RO L )
Ol o @8 S 8 agi 0 )90 anldS Dladed )
il logy )l Jolow g (b )b 5l g
Sy g Sewlond |2l 3l slabs, 9 (290339
o) il 03,5 ol b a3l ml ol 56 51 (e
Srazly g8 g cans bl olulils poodle 0,5y,
Syl (omelar oFums w9500k 059> 5o (S
LSl Ol S el g 083 (o0 A (5900l (e
s Lol ) St sl S35 sl )
A2 oo |y (6 (SN e )|

& Wlho adlaio -Y

L)l = Fee sloasls L b)) jskaeas
YL jo &8ly S 995 e 59,00k Cobld Lasls



S0 Slelbl (5,9lad |Lawdigo — ole oy i

1EoF jaly @ g Lot @ > jasw Jluw

w‘sw')

Syasas ;3> 30 lealsa

=158

365

418

366

435 433 412

363
382
364

29
411

413

422\

oos!

4271426
428
432 423

L, 385
X 421
B 416 13
\ 417 430 436

% | 208

) 414 Ko

) \V‘ 434
e

:

20 Kilometers
1

S yar9m0 poe j0 2Blg axlllae o 590 adlaico a1 JSC&

aile) (60— Slea B dy woiwd (5t 2]
(s o s=gel 35150 daSil dacsias by g3
sl a8 ((2u ) 5 (S8 egas Sloas
e o Sl Lols) Wooljooly ol (s 0
o) Lol o lgs aS s 5 (Lavoljooloy crlvea
S ey a5 s ho SN
e Jold) (6t plakes Sligz (ol o lgms
S (Loolixl il 5 (olidy) Elra ( plosal,
S ] (S e ) pogos Jiis o
S5 by 5 (Solas £5) yms ol (sl
(O30 3929 5 (o8] (o08) Joo) S9p00ls jomne
SLoodls (nyT9,dn DS (e 18 ooliiul 3550
Gk 5l S al3e8 0 s 4y by po 00 b piiie
o sidewalkwidths.nyc NYC.gov , e slaol$,o
a8, 5 @ iwgh opl 4o 9 ags Open Street Map

S 00

PE

iz’ ol (9 (Silwedlyy g 41)1-F
Iy oliing Jo S g, a5 (V) S0 b 33lkas
3 ool dcgozme ulul y g a0 wms oo lis
ol e & B jo (@ la YT slaws (o
P s y00ky Sl ) hlisa ol b s
Sg—w M_&Lo la wLa.c\)L# 6L®4.w.o.: O 9 [ RW)
plosl Galizes g\l aw bl o b azlis 2005
o9y 90 leslul b s el sy al> o )0 040 0
" Bl T e 5 5 TS s eSS
a8l STy yuine sl jloolatwl b culys jo .aisd

55 om 1B el 250 o] lts B (s
calizee olayl a bg o (glaosls ¢ mgi ol 4o
S LS slaosls (5,00l oLl axLi

! Criteria Map
2 Weighted Linear Combination (WLC)
3 TOPSIS



GO URG g2 G0 (5905L Tl sl yadsli byl

UlJMQJSS.’ |JLm

S o lonaniz g S el 0 S b 53,00k Skl (23U 2 Jise cbalrs (5

s,
i || ARG || e || dmessed) || gos dlanls
oy clls T e o Lla b sy PO 0U0) 8GR I Ly 4S8 G0t
6”: Lae YF) . et il it L_..i - 5 P09 > S5 walkscore <SS 4
. S 2 e gz RMSE
MAE
axfllao sloinigy ¥ ST

LY ohan i glaylae 5V B e o3b 4 cte
ol slaiasls 8 Conl (53 LLE wigd o ClSS
Loy das slas e slamsls slitul 4 « s
Olame a (liolay g plee jlre e oo diciin (plas
imgi 3,50 6l Lae losds Ll e (glo_as L
N 2z 4 MR onl o
oLigS (slaalold i cogee JiigJox Jolug (Slgl2 (O
) M9 o e sagoe g o sloolfins] 4
slegyo> 5l oslaiwl slo 4 b wiS o Bagis
) o092 b Sloyi 5 WS (55,00l (patd
o og—e Jagde> lug g 5500k S5 L
gl caadllae ol 5o VY 5 8] asile p plxl
JE=3 (n ) Olyie 4 (ST g gl o9 e
S o slllas )90 dibain )3 sages S Jo>
(V) Jguzr) Wloads (g 2 dlyome & 90 4
loelSi] sl 1 ooliul o ,20 gl Lasls gl
il slasog)g olani b g (Sl alg p2 50 95
o] o el 23 el (G a2l p2 )3 g%
Lo 0)ls (699,9 i L5 S (e S ys0508 50 95
Sl o8 L g Lagssgys (b Gl 4 az g
Sl g yte aSmB 53 93,5 1 5 e SLaolCin]
22 (6399 S s 1093 1 (6 i slasdg )
O & Ol Blis dazlye 5 035 (50 52 (55l oSy
] 0 Ll

ré

o bre wiz (2bj,-)-F

03 S j9b a SlSe o)lre diz (5,25 el 0,509,
a8, LS an (ggyeolpcalll 4 by e Slalllas jo
S eS pomas 3,505, YO 5 YE Y YY] ol ons
S ol al>po Lozl easlllas cnl )5 0 Lo
209 (M) (axls )l g ol (1) ienl onls
Sl sboands gaali (F) (o slbwl) o b azli
S;Sbos byl (F) g 55,00k bl asli ags s
L ol aslio g oowl caws 4 59,00k cubls sl
ol 5o 0ad plomil e oSl STy asls o Slae
load ools mesg py Sl idun o alo e ez
basls b))l g olatl-)-)-F

30 sloosls 5 jiogiy Oluol el aslllas 4y ax g5 L
ol o il anllan oyl ) asle T oyt
S y3a505 bl (g 95 WY o (g9 ,00ky ol b
ol ple 4 az gy L addllas cl o 095 (o)
Wi Gy (ol Jhme) )l i O e as L
ol joolsy SISl ¢slae JUail el s )15 ¢ s i
aS—D S ol 4y ymie S WIEES sl lre Sl
Wigd oo Dldz 5 Geal (Jate (2l (5900l

59 4 Lo as L co)lnad iz (6 S el aip] 3 50
S aFll 5 (Cuie) prine FI L slaasls atws
oS g 3 00 e ((ie) (gSe Sl
Ll st e (g5Las il e slaats



Sylore LS an Az g L gl (ol 5o
> Ls jlaslllas 5 )50 ailate )5 (g5luas jeal,
S SISz sl okiie 4y Cumaz (ST
Ay ;B e Cond § Cowl 00l 485 0 0
o (o yioshsS o) o ol SIS
ool jlome (l Ghomw gl (o2 ls (lge

s pors Sz L gblia T sy pos 5 Sz ¢

aSl> s 50l sl ol ple ol YL
ool IFY] 0 o i jo |, aliee il slosls
03,3 6 )8 Colins s 5 )b 5l (Shs
oyl abg e SLSe asly cole 5 9,8

Sl 00

5 Sl it plae LU s Jlal baws (Y

3,9 6 et slalaze )3 59500k ekl L)
dmaie aS o5 a5 G abee sboasis
1 esly Olple (o yis (o295 B bt witnn
ol e am oS IVF o ¥Y] aisy o 0o
4o b oo LRl solie 4 (55,000 slacdlus
Sl (Gre nl 4 JLal 5 @VL 4z s wesle Gl
039820 ;3 (b prane (sl (6 b sl il 45
(amabe plsie ay az 5l Olgie 4 az) Jlais 0
le el sl dad o Oladllas ;o 0400 59>y
)l sl SLSe amly 5 Pablis 6515 wiile
ol Ive 5 Yol ol oo solinl Jlas! pelass
lbiwly 5o Sbod slaol, b bls )l a8 cusls as g5
sl ooy plple gl (e caslS (o) 2
eI Ol plawe ool 500,05 a8 > s
Olye &4z g JWbyho lyie 4 az) o3l olple
S aSGul el 09 aslyzs (2 (595000
o alpli S pinda g g (el Bl

3 Retail Density
4 Street connectivity
3 Intersection Density

4

S0 Slelbl (5,9lad |Lawdigo — ole oy i

1EoF jaly @ g Lot @ > jasw Jluw

LSS )b og ealy8 9,045 S L Slgl,S (Y

‘A—‘ng“ u...C).' ‘) 0‘)3‘ 5‘5‘&0 A}‘j ).Q )o 5)055
9 690l S S Ll 095 6 sl yhw a5
slacws [VA] oS oS5 —aseis Loy 045
o= bl e Gl axly e 0 b SLS L

A_».w‘ 4.»_'3; )‘)3 oél.é:.w‘d)sx )L:.A

QT 36 s LIS Gﬂjljé 16 e SUIS @‘9‘)5 s

Sl= Ol s a5 el coal Plo cg
Sy S o axxlie SThe cpl 4 il slasls
(SSe 9y ym o SUlSel ol 5] crolie Sloas
5 o0l ialydl 1, Jleb (sl s 51 oslizial Jlazo|

IYal oo g (gms fions 2500 5 (sotee G

Sl L ey 6,8 g9 s )l s (F

LS A5 o o |y 6300k b yins alils
45 oges Slaas 5 o)l (GsSas slas )5
g oo oz (98 (b Al 4
L&)l g Gbsbw Culs) Gl 4 oee lgS o
als [¥T 005 (e sladama 58 (595000
Gl s 65 gei palS plgie 4 axis
o 30 03g97s 13 (615 £95 plyie 4 o
POV ekl )) 955 o s Csllae (2al331 5
S azly 0] 6l (o ol (lgie 4
aly )0 S92 ge Slags ) sl kg (o) 850
STy s i (o Lag S ol LG
(oo Slod 5 o)l (oo i g (Sun )
O g e LS e B9800 5 ¢ SgSne

ilazs § 15 lags )5 e

k piinpJ
Entropy = _ QP )/lnk

YU s ISy L bl T S JISz (@

I ] as s i go00ls ol Ysane

'Land use Mix
2 Residential Density

(V)akas,



GO URG g2 G0 (5905L Tl sl yadsli byl

UlJS‘O‘QgJSS? |JLm

SIS 50 pad 90 jaue Sl ] il (glas ol
03,91, 1) Jslao o131 (slajls 5 005 ool 31, oo
sloel L Laolyosly ool pogdle [YA] oS’
9 e lolad g )los slacals ol olas
Coldz 5 (S5 a0 Glakee 5
3 i 9 OIS (o0 S8 (b Lo
g Lo 290 0 iile (g2 g0z JAs)—>
Ol 5SS oo Sl 5 (S Sl sl oSl
Oly=e am baol ool (o log5e eSilee aslllae
Cal a8 5 8 eslial 5y5 byl Lasls
Jsbo Iy calaly oyl 55 ((F) JS) () el )
kg0 oljosly aslad oy e Wy i ol ool asks
oSbe Mg Sl axlg j0 ol josly Slakad slass

el oljooly 5,2 loy59

M = Z{'{=1(Wi 1)
Z{‘:lll’

Legend

very easy

21ft+

easy

18 - 20.9ft

15 - 17.9ft

12 - 14.9ft

difficult

9-11.9ft

very difficult 6-8.0f

impossible o
possibl 0-5.9f

(Makl,

PV

olrle Gl plee (o yiws whaw arulxe jslaie
slome ey i) ool 55 5 Lol o051 ool
5 Bd> plae a3l (celw 5 bl #0500
SIS ol 50 S 1B o) 2 990 (Sle
a0 b slaablay slass (slasiess sl Jlos
58,5 1,8 oolaiwl 0550 w3l G Jlasl
Laablss olaws 4y b ablis Ol> )8 ggomme Cond
2Pl lye 4o Slaasly o 50 (ablis ail )

ol 00 oolazwl Jlxe () ioeiw (gl

30—k Jsle oljools (5, ol o0l o< (A

S A k;.x_;) S g (69,00ky ol sl )l
CS o ol Loelyesl o bye ul
Lo 1y ipposle IS 0 5 08,5 Juged |y e
L leoljooly [yv] Ay o S92 Syl
9§ S5 Jot ogdle e VIO Jlas (5 e




polzr casls Gl Gl axly 4y s (gl
ol il oo ealit il (g o0l b5l 6l
ale) (gegee s (slad 5| oS 5 Jolis (a3 Ls
S 5L 5 (ogos gL 5 bapliss: oSl
slad 5 b lsl daplls asl il Slbs
Spoas a3l Baa L g counl (plas LS o
S o (SLaS & w ywd 9 22395 5l 5 el
O e a8 £55 50 o .l ool iy yal
LS (g9 00l lar e Lol Doy j0 ege
oMl s8] 5 ormbs il i3l dga (S

S oo Wl lple g 5 omr

Olg—ie an wlolay yrals :olbslai lgl 3 (VF

e 4 slazel 9 ‘_s_..,o.;\ uuljs‘ LS‘J? 6)1..\3447

ol [0l acas o l58l ) o900l 4 Joles
Sy o3l S&jo wlislay slasy o b jlas
Ay Ggl_z)’)l S5 a>ly o Cusex 4 ez

Lag 095 sYb Sy i plae sl oo s aiciin (VO

o3l olple lp S 9 Comgiac Hlas Duld 4
Jdo e s g [V 5 F2] s o tal38l 1)
r:l)—l slapbls jo aS s o gy ooly olple
TEAL sl asls 00,5 ol Sdl5 cepu b
0535 el 58,5 s o Ly Sy ol
i)l LS azls so 3 jlre S aiiny
askad Job Iy (V) alal, o () abul)) ol o0
Kool yme o slome Ca o dlplion Sp ol e
sl axlllae 3550 00900 1O yume Dlakad slaws

S0 Slelbl (5,9lad |Lawdigo — ole oy i

1EoF jaly @ g Lot @ > jasw Jluw

il gl sl L s o ks s Jlgls

SOl el gl CoinS sgmp oyl il
9,00k sl el s Helle o ¢ ge
Las g5lule; U oles e [f-] aus o ool
s sbaml b g osls Aali 31 (59 00l
g5 9 alS |y Slolas Jlas woltin 5 (ab
aallas ool o [FV] aus o bais 1) i
Sy90 i)l sln S axly po 0 (S0 slass

el a3 515 onliul

u‘J‘L" whswﬁﬁc‘)oauww (-

$900ky Sl b5l 50 ppe (2 g o )lo r-‘b
o poSiln caalllas ol ,o [FY] wis o Ly

o9y Jow jleslaiul b gl axly yo (o oljeoly
o ld Glaseay e lw Yo cBo U (e

(S = Hladee Dl 9925 15 505 Glolo (V)

b sl Jhw (Sl slaglzr bboSas Jols
(== 00 st =B b aleal) (@ Dle
98 o0 Wl (55500l slalae el 5 Couli
2 S Olokes 5l 55 am iy cnl o [FY]

ool 00l 25, 99290 slaosls ulul

)‘ u_i; :\«al)a)‘}w s o‘)ool.:._): e Cnd? Ay

b ol ol )0 oS slaas s
AL S il ool lple sl o
55 i1s5 o o]0, lgs Cmlis 4y ol jonly Cloca
Sz g () el I 2 e JB

TFF] asl aisls gg,00ls (sl pune

2 e slab u»-")—‘?‘ D glad coluse (VY
slalad b & jgle u,-“LS g Jolis o g
Slonl 59,00l sl 55 ndds slolases e
lgo xS 0o g Loo il S el g 00,5
Sl gyl an bl Jolge (pl o9l oo
Colas G iy ol o [F0] wias

M = B Gl
D
wslo by e sla g i plae bylas slass (V8
Jl)ol - gl_a:o‘)o)‘ﬁ...q Jog.'a? Sloss alo> )‘ WY
3,085 o 1505 (6900l <kl 5l esly ol ple

(Makal,

298 Gl yiion by s slawi 5 5 a0 plas
‘51)_3 9 Ssloads u,_>‘).|o NPT RI d_im J—.'.l—MJj
L She ol L5 sias el ol ple slajls

! Sidewalk Roadbed Ratio

PA



GO URG g2 G0 (5905L Tl sl yadsli byl

UlJS‘O‘QgJSS? |JLm

M = et
k
2:i=1 L

e ol sl ,boe cnd (V) Jgaz sl jo

)L..uo A8 a(f) Jiw 9 LSB)°‘>L"' u...LulS QS’L'))‘ u.e:.‘>
.A_Q.)&;a 4_1“)‘ |) l_Q)L..v.A )‘ sS_: R 61).' IR \.\.Jy

(Fakal,

Sl an—ian J1o0y59 el (18,5 15 )0
Cwloas oyl Gl amly o jo by las
N d yexe axkd Jsb Iy () alal; jo .((Fadasl )
30 plae Slalad sloss k gl e bglas olow
Gog—=s > a bl addllae 0,50 00500
odd pdel g VY o lslivl jobs 4y S yg09.0 40

Ll )90 LG g 59,00ky ColilB (a3 lh Sb )l 2 e s as Ll g olul Y Jgus

Lxow) Sos
s Pl SR 4 i .
Ll )90 i “/s) Jre 3 ol e G,
SSoazly 2 50 (B9l 5550 ol + 9ol 51y Syl
3 (P g (Sap b S]ie Slass . 9 Sy STy Sl
Sl e
253 oges (Sleas STye olaas . .
, + oyes (Slesd STye Sl
Sealy 12 )3 5,355 S olaws * 5,9 SauS L Slsl b
Seaxly 52 3 5y slacssgg sl + 955 (Slsl 2
S B L oo alodl el o olows
o e . LS g
SBeaxly o
2 50 eegsl leelSn! olaws L L
S | + u,oa.}j;‘ oLi'Z.mi‘ @\5|)3
&=l
ol)o)ls.w B o‘)oJLﬁ c.'a.w Colus S preweRy ol)ool..,._!, o S
+
@&nd}‘j ).Cb )b o‘)o)‘j.u
s oFea! inl g ESous dlaws
7o 7y o . RSP
SSeaxly U
| oolo !
Laal, ool > o gLl slass ooty
5 SR SBEST 5 /’L . wlainl, ole 5 baglls
Seazly o o Fudl,
+ by, €z

S

¥ 9



S0 Slelbl (5,9lad |Lawdigo — ole oy i

1EoF jaly @ g Lot @ > jasw Jluw

Loy o
. Pl SR 4 . .
Ll )90 sl /) S 3 kol slxe o,
S axly ;o 0 lis s slass + obs o
axly ;o 50 oljools s cod (1SKke .
S - e
25 olesly (oye Ja05e 5l
azhd Job 5l oolaiul) SlSe axlg + olyooly oy
(033 Olsse 4 oljosly
e ’ . o (glh o rlce
(o yesksS
fwﬁ)soéydf)lswl.mmw . _
+ W 5, JE>
S sy ol g pe,> JB
slasi a4y oablay Ol )0 g gamme o
ow) S axly o 0 bablas
s eblis oS Jlosl s ¥
) - . 5 oS5 .
5o s Bl Rl .
3V Jlasl mhaw b sloabolas .
Y
30 plee bglas olasd Jloy5s xSl
axhad Job 5l oolaul) Sl axly 12 - 9,0,lgm boglas slass
(039 Olge 4 yomms
e e p diion o059 SSke " 5
b 51 oolizal) lSa aly ya 5o plas - oo e e it O
(03 Olsie & e askad
a8l eg8g lolay sloxs G
# RO ' - ool 4l oo




GO URG g2 G0 (5905L Tl sl yadsli byl

U|JM9J[SQ? |JLuJ

e e e a9 50 33 oy 3130 511509395 5 el 42 5 95y 39 o 3 i D g0 1 50555 Sl

s

B et b gleiat

i glenty

S o515

00
o s w 2 I,
— — s

il




S0 Slelbl (5,9lad |Lawdigo — ole oy i

1EoF jaly @ g Lot @ > jasw Jluw

e e 33 1 (g B 03,5 515500595 3 il 4

b gleat,

Al

o s 1w 2 I..,

53998 2em 33 9300 (gad S luno 0L Il 4LD

3998 s 3 Ol sl g S 31 5519,9% 2 el 4

Sopas e 3 ileialy e 1 (519,595 2 jluiel 4l

S 9a8 e 53 gy E102 3151395 2 Hlsel 4l

N

.¢_ "",‘

s

o S 10 20 . 10
— — ¥

< A

9098 0 53 A F S 000 51 (5510595 5 el an

o i » i.

d
i et

[

» i

(ol (2 it = ¥ jbiol o yi0S = +) (o s G o5 S5y b b 69500k cablB asls p Jigo slo Lo (sloaids :F YL

Py




GO URG g2 G0 (5905L Tl sl yadsli byl

UlJMQJSS.’ |JLm

U’““"l_’)‘ﬁ M‘y‘f‘o IJ_u) el A...a.a dj)ool.u u...LulS
) alize glo)lre g aid 5 ke o 1) ools Lol
oola ol b S b 5o pae b g poolw S
Oledbl La o> 1 odle Lol slradlie ol
S5 el Lo Jams Sd5 5 2L Galidl 4
A5 o S
aaloes L L peito o35 s bool (sloailie Jelows o
g ooy ool (il 95 s yile 059 sloylo 5
aS s oladdlie b Lol slacys bl ol
A0 0B oo i |y ooty il jls oy yiiey
i i o slaylo  nl o e SOl
2 2l 0 g selss VL pine o (5 il
o329 slaylon 5o ol Glle polis ggoms il yeicie
L sloprio 45 (5,5b 4 098 o0 drlone 5l
5 el 5o a8 505 satmog s a8 o
Wildds
)9 Lbk)a}l_w GALQ) (_gl)_: ‘Jj‘ ‘_gy')Ll_w o -
Gl ooy a8 5 L o LSS
9y 3l =S o Lo il g g2 )b o -
bl 5l S 2 59 € Lol sloaddie Jdoo»
)9 as @LQUDLH i el 00 C‘)?u..m‘
o g asloads Bas cslazisls + 0 V5l g 5aS
U el oo Jlasl Toame Lol slaailse
ol b [0F] s 155385 Lajlas (2005
5 =SB gy (Slgls oljosly (20 by,
S S (s IS 4 plae sk slass 5 usags!
RS l_' 94)‘.«_..» U_" oloads aslds )LS ’/‘Y
slayle Bdm 5 51 lajline (slwaige
s b asls U el osds 2l coonloS
ol slaslone 1305 5 wisd oLl sk
o 4.~.9[A ‘y‘]s‘ Lg).:».bool.u
b (ol slaaddse Lot pom (s905lem o -
00 duloe (Lol lo,lae) b3, olel mlaws

P

b ylixo 4 00359~ Y-1-F
SeS o o ) 0S5 (20055
Sl axlge Coxdad sae b olgen a5 Conl o, Lronis
33 gl 5l 56 aslgs e 4 iealad pue [0 ]
S by QB S el Su 5 g Coid
pas ol Co pae gl ail Sl sl
Jlos aile il sl by, Sl (g o0 Wocaalad
O Ve O Y RTS P EP U e
slasbyy 2 il msnlim IOV 01 0 gr Lagys
el sl )l Olsean dLagas s (205
Ol oo Sl 4 (65 el Joo Sl
JOCEIRNC AT SUUNIN L SRUEL JUNPUN IO N Lo
sl (9 Dl g (B35 Alie sl b,
Copde s anld ploss ol cdoay ol mls
e ity gl 5 9 o <SS lniipalsd e
oad oLzl slayyg 45 a2 o BN T vl
200,50, ol 4 [OY] axis jiae § conlie
Jos 3L GralS L ol o gl (ol £
Sl e Lol il ST (ISl (6 5 s
358] @l 81y s ped Bl ) (59500k Sl o5ty
Gl iy 5l o cotsi ol 0o gy cnl 51 o]
23059 gyl Glane Laddds ags 5 laosls
AliBee 938 4 Jow Cowlus bl BGas b il
el o (3lwosly dajlone (59 (et

9,00k Cebl (aSlh (pw) 4 o5 g cnl 5
odezxn |) S peeal 5 Jolow b jlone suss aiSlo
e 0pd Joo D)5 SRl 4y jomie wilgi oo g WS (o0
e sl 2alS 5Ly, 5 eolital o s (o
GRS L [ el (59,0 ' ol sloadlse Sl
Sl b (55,0 508 (SLo ke Biz g Laosls sla
e LMLl yols cews 3l g | 38,56 5 Lol
a3 oo ol 1) Jolod (Saazmn g 03,5 Lad>
)l asile o )lmesiz Slalllas )3 ohage o9, !

' Principal Component Analysis (PCA)



ol 5l ol @l s 08 (015 9 Bl U
alio Jlage (it oS5 gy b Lo b,
5 Lagldy oluwlid jslate ag anlio opl 05
5 il 03 B9y 99 ol e S92 s slaaplive
plasl (sgpooln Sl Hige Glaazls (23059
it ol (sl 558 3b 5 ang (it b 28
D) JS) 35 Sl

(=39 s> S 5 L oge (at S 5 Gy
slecdls an d g8 90 g 0ol Oygoas | byl
aS s 0 w0 o eS 5 e g Cute Jlowsl
31690 5 oo Jloasl ay (o5 Guranli b,
L slopasls aSul yos o)l 05T e Jlowy!
g oyl Laal old awle jo (g iy Sl s (39
o> polde 4y o035 L (g5 0 polde 4 pimon
6‘)" ‘) WL: u))gij) 39 k_)BLO.S U'.’.‘ o ).’L)QL».»}
Gl @ FeSless mbs ooy (b w5 8 J
Sl Sy g go lagley cpl Judoo oo oo
5 0 S Lol oS5 By, i 53l 5 Joe
R R e IS RTIL IS,
250 palp Jae

SOl a3l 0 ,Sdoe (2L 5,1 -F-1-F

ot gl 51 e 5300k SallE a3ls L)
5l olaebl ol 3l an a4 S col gildowe ol s o
(ol o, See 05l e et (Slllae dalais
(STl a5 L (oS o)) 080, » B
S Slos duslie 9 (55,00l 3l ol 8l any o gl
ool LYYl ol a8 3 bl ool oylple b b sl
Skl Sl (o954 wlgi oo aS o 5ele 3,
(il axdllas 0 g0 dilaie Condly b solpiinn azli

A=) bizs ol Slalllas s3gazme ;o ol sl Ll

'Subjective Assessment

PE

S0 Slelbl (5,9lad |Lawdigo — ole oy i

1EoF jaly @ g Lot @ > jasw Jluw

OLeSs ad 5o 4 by slolne ) 39 5 ool

] 00 M; )Lu o
ol Gieghy (nl po Al lag lw e o
bz sl by, w3l oy p Sl Slaey 005
Ll 039 (5900l (Ll e @S 2 (20059
obed o il slag iy pamass b Jol ol
=k 4 libg al 5 a2 e bl plyie 4 la)lae
adlye Jolod (g 5l pos (suylem sl Julos B
“}_J‘_S_A ool L_.D)L.M Q)5 U"“—"” le)_.! ‘él_.o|
33k 2 bl e bl oy 6T Sl
|) pRunly 6L.m)l.¢x.a g)j_z.aoalo ‘Sol: 09 O‘ll Dgd
30 e e GalS |y Joe (Sausrn g 09,5 Ay
odt a3 )5 54 5,50, 98 5l (o5 5 p Syl
DS g0 28l (gl slagyjy Lo )line Tl s
5 355 BLad (jjloe jobas b jloreny (slos 130 6
ddos loslaiwl b (Lol slo )lxs (2559
Oils= (S 5 9, Sus, (nl g oe plonl Slol adlge
3503, mals |y ool (slalxa 5 o ylxa o o
Ol (Egmeme 3 09D o0 Sieo s by 99 0 Sblje
9 B0)9 Ege slas Ko, Al Baa by gy )l
ot U5 wilosss oy oy 51 ol gl danlia
208 lolid (g on e
Lo Gt -Y-)-¥
G2l Ghgy 99 5l el Sleatls Gl jshaie
RGO PR 44.9; 0 yb O"""‘“JL’ 5)|ou)5 ‘sla> WS)J
sl oS 5 b g9 00ky collB sl sl la!
B eSS g,y a alaw Glag b I Jol>
aw oadgs wil)d ol gamit g wad cuS 1005
= aS 0 VLo Lol b g9 00ks el ganss
Sae L aslears o, calizee sl lse bl
Skl parll Gl Glise sl ) 3L om)

o9y 5l eslaiwl b 36 LSS pow (592 L (595000



GO URG g2 G0 (5905L Tl sl yadsli byl

UlJMQJSS.’ |JLm

5 Oils=e 58 B ogd Qll alais Sy JBlos SIS
adlaio gl ion seled ;o (59 00k Cundy Shles
9090 (ol 4y el (ol 09 Juol> aalllas
&l jebas (g900ky Sl bl A4S wiS o0 SWS
Slaisn 4o 3game i 9 95 py0 |; (Aly ples
PS5 G slaazly 53 ipss 09 b 5l ool
L olass cigie adows il dn Coenl L L
Seal s 4 laaaly ol gt Sl (6 iy
oS YL U 5 et il 5o olbeiag
Wlo (geg—as g fex 9 59000 slagle >
Ol 5o i gl 5 ;5GBS (o el
ot s oo il g i bl olass daass
e o=l 50 gpe0ly b5l (LS oL
23,59] Cawods

el adyy )bl Slo el ) anglie ol ol
s g llae 08 Sile 5 (RMSE) Tlas ool o
L sl g0 ol sl oot oolii_ul (MAE)
(=8l 5 00l iy polie G Dyl (6 S0l
Seo MAE oisS o L)l 1y Jos 5, Shos
yob an Lallas 4 5 00,5 dcwle | e S
Sl ot B g oole (aslh gm0 0 ()39 Solume
L RMSE S50 (gm 31 S oo 0l lallas oSl
039 =555 ol o dallas (0,5 aope Jdo
slolas 15U 5 Lalbhs (SaiSly 5 w800 (5 ien
PP PR S LY LY INCL ISP PR gy
503, @l 81, Jae &8s Sl g aalr ) oS!
o o i BT L o o] 4 a5 |, bl
NS e ol gy et

o

Jolt Lol e O oo oLt Y canlla ol 4o
ol ool LISl e plan JUal pebacs s IS e cus s
o ol Bas A S IS )y p 3550 (Sl

2 Root Mean Square Error
3 Mean Absolute Error

o

Sl b gy cnl )0 W agd pds Gl (S 590
Al o Shos e ools 5 Y (e (b)) 9550,
ALl So plge an 4SSl STy b goleniny
25 Saseodly Olies g 33510 Sl e Sl
S8 aalie 890 09t oo S-S (6l ol
pasls o ala > 51 [of gof] e ula s 8
Gogaze yidu i g o b 1 0g5 SIS slbuogase
A (s e aiilo) (g9 00 Sl (ol slul ]
o s SO olseas bl wsin oo 1 (ol Sloas
5 OV] 8,50 o w28 1) cond sl el e ot
L oo )lSan 5 Ko aalllas asile slo iagy LOA
Sl odmzmy o)lmenizr Lo asll adl vg 2
585l STy Lyl 5l g9 00l crthB iomin
g olod S5 Cdid aarpe e pie S Oy
05 el sliredss | oa_dosmliw slacigles
olid el ool LOF] wilos S5 il wpax sla asls
ddos sl )l U sldlas jo o a5 aas
S e plgedn limes sl STy wid iy
gy o=l 310 mS e 18 oolaiwl 550 calbais
2 Bmo 5SSy L ool as Lt 4l
o 2hS et 5 (oS S S s )lx
Lo L asl aallhe 5 2su ol gulis 5 on plox!
Ol e e 035 s I ugaze (nl 53,5
3 Olisasbin 9 6 Ol pae am Leisas 9,50,
lalis s gy sl asblT Lo S s
SeaS gy ggiie bl 4 gl 5 jymeesly
5 59030 Ol (Ko adlllas (ISl aSL S o
055l 2l 5 5 5o laoaysy

Lo abais VA goleiiog (a3t ol 6l
siiel g Lol aalllas ailace ) canlie SiST,
69,00k slopasli b jsSulSTy o alais jo blis
ool Ll ol () JS5) o gl oads 43l
RS PR LA S SR VR WX SR SV 0= A DE PR

' Objective Assessment



694)1.._...: )b OM‘L».MJL?LA 65)0\JL..' u...u}UaA ua}l.w
Fion gyl (GG slaasls 5l as 0 BV jo (pgu
sloalxs o d.laL..o Q_;J AR oo ul.....; Jol g b 3!
aS wloods 63‘5 ).«.».195 9 u,uisb.a ngl.o.w dous ¢ ‘o, o
Jranou Cot] J=doag o sl i C"L"’ 69l5|5 L
U—" )o S el P g—w dy)L_w )O §5”°"‘ 6L{b)t.s.,c
o, FY Jilae jo .aiylo 95 0 YL Lol 5l gbl
stel Jol g2yl LT o 48 bl 5l , Koo
duc\_l?m ) ‘o)lo g 65{)&_&1 A Cond 6).4.M
ol 5yl 8 eSSl i g elSTs iy ot
2 sh,800,5 5 (F9Sn joS 115 5] LA A
2 Ll ol Gl 65565 3 Jsl syl 5o 5
99 LJ_" L)l_“" > > L_)"?""““’ el 00 M; ).L:.’
L i adome j0 Vo0 VR LS asly jo g ke
a>lg AV j0 (pimmen ol 0ol samlie ¢ 0 A Llude
3 S WS ol d(0)lge ao 0 TP Joles) SIS
5 OelS 9 (Sl sloalma ;o iy a5 edg +40 )

O9dsa 03 FingS
d)L\_>‘ (Pg—w g r:jd Lgl.by)L\_m u.;._: A_AM;LM )o
Oy 6L24Jm o w00 sdliwe (8 oo
dy)LHu )o ed_.wtk.._.ml.?bo ua}Lm ‘),._,_,55 9 u.J.ij:
9 Sl P9 69))@..: )l )_,..w.u G:Lin d.>‘5 £y 90 Py
Olye an Vo=V SLSo aaly jo Bl ac iy
48 0 bk pgw g0 b 5o (eal slajlae YL (59
Seel @blae ol )0 aS seges JEgJam hlug
30 Sl 00l B> 090 (545, o )l SV,
J B i a5 ;S0 Sl axlg VYO o Jilie
‘ol)ool_ﬁ U] a Jay),o LgL‘b)Luw ).».95 359 J.Jd
St 30 Sl g (soges JBs o ilus Sl

4

S0 Slelbl (5,9lad |Lawdigo — ole oy i

1EoF jaly @ g Lot @ > jasw Jluw

Sl w55 (55,00 C B a3 ll L)
P Lo adld 3al 5 )lw 93 g Glie (23059
o it ml Sl 039 S 9 g (69 00k 4Sed
g Loyl ol (2baj)l sl eael Cows 4 s Julos
351150 S3p00ky Sobls IS (a3 ls 5 el b
o Somsles Jlod g Lateds (0230359 (5w 5
Sopylim A (83059 Al sla by 4 o
i ol sglae gl yual) wlwl o 2059
Logasls g Lajlae (23055 5l Gomy (M) J59—)
b (230359 pom S92 )biw e (slagy liw L Billas
S I Tt R
S50 ddbaie i i pl as ol (gilwosly sl
5 i) e s poskey Jousliy Bl 5 aslles
(B JSa) < 5

039 = & At sl 293 9 Jol Slag L o Shoe
slo Ll le DS o ity a5 sbay sowl
= FF ol amlg 4o g liw 90 (ol jo cudaiwle
Bl as ol ooV ply coigie aloe jo Zdlg V-
Jolee) SlSe a1y FY jo 0ul cod Jlediay a9 LB
oanlice /o) 3l eS S pl «(0)lge do o YT
ailats pol s o 00iSTy yyloasy LLE oyl 5 o
50 Sloads A jed Wil ol alxe o canlllas
syl 99 olee Las s s iy il aloe
e Lo a5 ol Sl ) (o e
(liby) slatlz (plaal, oo (L) Sl
klowy (Slold g plas bolas slasi wolyooly (50
2 Lajlae (ol Bdo L atly (segee iy Jox
ol awle o can o bLE ol (egd (5485l
ol el a5 5 axlas (63U (5900l bl
o o il azily ulsdl gblie ol o el
& oS el ( GLSe azlg VTN o gl (692 )b
bl alowe ;5 fiien 45 018 p93 (ol 4 Ced
g o 0033y blai plu jo 0aiSTy, jebay ¢ il
5 reneS aloe ;5 baee susle 3L SSe asly T8
113 e o



GO URG g2 G0 (5905L Tl sl yadsli byl

UlJMQJSS.’ |JLm

Cols g olyooly ol wiile oo asls ( blis jo
Syl polae pyueS o0 o) Jlaae Lol ool
polde o dzgr BB cglay cpladle cude Jlows!
aS aeo e ol coite Jloas! o jo lajasle
JBgfor slocelo ;g golath eloizl Jolse
S als gt Cenl e Jloonl e 5o
Sl gla S5 b b, slaasls ()b
=loljeoly colno g e o atlo of jooly

A5l Jlos! Lyl i a0 el (5 ,50gume
Ciio Jloasl jasls oyl lnalols S5l anslis
Jloas] 5l alols 1 Sle a5 WS 0 Laseies e g
Jloasl 1 alols o Silaa 5 +1OAVY Ly il ot
3 i alold el el < YYVE S Jlase oo
Ll s an ol a5 el o1 Silo cuse Jlowy!
Fola=ss e sloazly 5l ()b sl o JToy!
) aS Col g;’?l'b'“ LgLQ:ua.>Lw (35 ln)l.u.wo PRTY)
SS90 (g 3l ailoais pal 3 S jebay sble L
Sl il b oS ate Jlos] 5l lbalold 1aS” SuusTy,
)‘ al_ols 6‘)__: ‘/“Y'/\ J._JLM o ‘/“fY? )L_T?Jua
—Sed oS il sa i (5 S o3l e Jlons]
e Jlods] s s S slaosly condy yiios
b5l able ol Gl 4o Jioga e gl il g
30 sl SIS s ol Jlams sla pli
=YY b 0ss bt eSS s el B2 o)
sazly ol e sl blae 5 0 any
B o) )L»..uo‘ 3,90 Yo sb;lia

o Co ")u.. Al

0 Figy a5 alod gl Caws 4y Jlogie (s oS s
SelSae o Jbjo wijls )18 51565 alows 3,0
Dyl 1) (S ol alSg e alone (S slauly
i)l sty ol bt wolis (Lol J¥s 5l (S
20,5 oo3ls 5SS (Syh bl o> sla Sy
LU Hgmen alogasls b 5l sblas o
limby; 9 Dlolal £58g (89,300 ,5 oS5 s )8

"4

LS el o] Capasl 215 5 g e oins
sl o0 ale ] 5o (g y00ly Cpbl asls
o) 5 eSS LS aly OV (IS jsba,
5 Baas 45 alesls Olid g3l 50 oyl e
loads @ly 39S g (nelSg p slaalone

) e ead i 0 gl @S (o) 5o
aS o oanlive callas cogazme ;o (59 00k ol
Sl (n eSS laaaly iy 5o Jsl go2,l
(asbinw) sl S g9 )l laseds g oyl 1)
olayl Bix> b pgd (5905l a5 > j0 09d oo aiLils
Sl i aslig e (60,504, N 4 VY I asli
Y o lads e anly o lagy L slad cpaizean
bl o 5l ol e 55 1315 1)
G S ddore j0 g ala 8l s (g9 000
ol 55 il oot S gliee Ly sla sl
sl Joleie sl 35 Gloreas pow g )bw Ole
sl 00

P9y 4 Joo Sl Jlow g baiedn caslal o
s ] Jolaite oFass o a5 pgur (S99l ¢ uils
0 et G0,y L esg ool bl 3Ll
035 b S5 by L ol @l g ol o)
2005 e o (g Cn e (w2
Jloassl (a3l Jlo s (qu el 328l by 50
ISz il alaasls a8 ol plti e
S8l bglas slass g ¢ 0 OFF ke b odg,800 5
o asls lo yo 1y polie WL+ YA Jlaie b
Loyl como sy lid el 90 ool ol 05250
5 sobatdl 58 slacsba ;b gble ;o oslhs
Al YU (89803, JB 3525 wiin (S35
plre by bz slasi g , 5 JLsd golaidl sbl i
oo Sl b jioulio cd b oaias i
YL polie cnl sl 9500l 5 90,19 S35 0L >
3 Golme slm 1y cie Jloanl bl a4 oo
Lo asli cpl a5 > S o Hlads Sl slaasy
P slacdlon; by gad i gble o Gl



(St Jlony] S5 osllann Lyl b iz
g oo yalls

5hoaslocwsas slo asls o, Slee Jb5)l &l
atadi VAA ol eolaiul (Sl STy Slawle Ll
P SRR PO IFLIWE IR YU EUPP S KN IW) R
SSbles g oyileite @ojes b ol Sl aais S J8los
30 pgd 139 ool 8 dadlaie S )5 (g9 00l Conss
& i blis g aile Sieges 9 5555 slaass
Goyoolm bl 5l g 5380 ol b wias bl
&l Cewssd

Gleg b jo Joo Cdo aS aas o olis (F) Jgoe
Syl olacsl s MAE s RMSE |, L 3l (ol
b oS5 3l (o) LT (0059 syl
30 5y 0, Sdae (+VF) RMSE s, 5aS L Ll 5
S5l Sy arls d cons Syp slallas alS
Gt gy b (20059 pom g)lw &5 (> j0 o)l
slalls pals ;0 (+)F) SYLRMSE L sl
MAE L 5l ccl el bl (5 ,aS Cdidge S50
b S 5 il e, LY (e20059 syl
ol 28l gy LY (20059 925l g 500059
aS wes o las |y L glas cp S o NVE Jlaie b
Lol g comlio § lallas 535Sy a5 Sl
900 bl 5 SeSs @i b bl sl p
S by 5 (23059 55b Jelod (nl ggomme 5o
Iy ggyooln cbld azls cds o aali calise
oAt Lo Glogy sy (ot oS 5 3l )
L g miom alas Lol glo,lse oBay0 5l golpaiy
sl ol 8l J ol jo .04l 468 wlSTly ol i
O S  5e 5 (s slagy )l ,0) Lo el
A e s Ol b g (Lads ol a3ls

PA

S0 Slelbl (5,9lad |Lawdigo — ole oy i

1EoF jaly @ g Lot @ > jasw Jluw

Lo asls Slasloe jo a4 Wlo Hellae bayl i ¢ plas
2 LSy oml (els Hebar el a8l QUL 5
OLad ;) az g l polie woote Jlowyl (azli sy
o=l el 1y cie Jloan ] ay So3 4S aies o
= (i A4S (B gy losls ol53l gblie
o=l el i g e Jloas] 5l alold al
SIS Sl g 00,5 ez pp piin | Csllae sla Sag
(Jolie joaculonls (mali 8l Sled bl jo ) bagyl
s Felest g b oloniy (hs «uS 5 )
P Sla Sy » 0l ATl daasls ol
Sl ools Bl 65 05l gl 9 00,5 (6,5 sl
D98 LLE 5 il 55505 b G (g cnlnle
s Sl i S 58 il SLSe slaa >y
S5 ey &S b po o ls blie cnl siledinz
BBass o asld 51 giloJoleia b jlogy59 (o>
el s ;o oglay 4y oS was o @l g5 LS
ol 00 e

YR I S-SR ) LEA B L IR CE I L SPRVET IV Y
L».a)ﬁ.: s sasmolis a s wlasils by, 99 ()
4 a8 ol =V GBS Sl nlay] aline
Fomb @bt 4 el Jles 5l (Sl IS ok
o=l ez e el gy (S S 5 Ao Cod
Sl Gl sl s e alisee bl jo bbaugles
ol Joo DS (ol (oo (S 5800V
d=do an cul - Sew Lol ol s oo ylid |
Dl By, 59 Gl )0 Blime S5 09 o Dglds
awle Jloan] 5l alols bl 1o pools a5 1>
Lle)bre Jlooysy b oS 5 oS o )0 sl oo
oS5 Jlol 5l alold 4 azgs (g 5 b & )jg0n
S oo

2o oo OLAS el 3286 () o Dlileiel w58
CP0) Heilee 4 So0 35 slojly po Wljlael iy oS
(1 amn Bl oS ST 5 azis 55 e
ool acsls imls o 5lws lastenl 51 i a5l
Shlcsl basly 51 coS slass g Conl e V B 410



GO URG g2 G0 (5905L Tl sl yadsli byl

UlJMSJSP |JLm

e Son s Loy jg s S 5 5l ool a5 L ol amiw 5, Shae olae YS! il
L lore 5505 oleio qusr el 5 00,5 SaS b S pSTacs M il 0 oSl STy a L
R PR uuj)ladst‘ LSBJ)L&-AA}M)\) LQQGDLAU.AJLSM)\J

QT odmdylid 3 ailoals 3aali Jlogyje e oS

el jlare SO U Led sl 12 g g1 buw SO LS Gaiw y8) WilSaw Gbagy )Luw 50 Lo ¢ljel (J)ly> Al Y Jaux
CNOF) dplin B (+) oo ()9 ouddoyLis di Gy Gy ol g1 ylaw 50 j9500 jlro Bl pue gl & yo0 (439

Vg bew Vel Vgle Ll syl 25
S YEYD . AT olyoslyy e
S YEYD . AT eliss, Ely>
S YEYD . AT RICEgN
CAYEYD . s eleal, Wl
SAYEYD e Y s s
YYD e AT ol ool pedaws corls
VYYD o) <o $\F oS!yl
S NYEYD  eepP SR dYs e (Sl

<0 \Y0 SRR SRS V2 590l ST sl 3
SRR SAYD e eFVP 5,085 K5 Jlsl3
SRR I LR AR A ¥4 ik lgl5
SRR TS 7 SRR d ¥4 i 5 Kip s SThe Jlsl3
RN 1+ ¥4 AR by STye gl
SRR SAYE efVp osos Sleas sl 3
- - YOFFY . AT oo Sls)3
e YOSFY . s Y S sl 3
- - YOFFY . AT sl Slsl3

<+ YA AR R aYe Sl Jlasl mlans
S AEEY oY AT g sden s JE=
Y X2 4 ANREY 2 SRS A ¥ SsSe JE
e AEEY VY eENS S8 Lol
SN OFYYY . Y oo byl slass
SNOSYYY -4 R aYe cliolas g8
SNOFYYY AN o fVP las jlome e pus ardi

9



S0 Slelbl (5,9lad |Lawdigo — ole oy i '

1EoF jaly @ g Lot @ > jasw Jluw

Wt ig P99 597 sl b I 5500 e 39 59 00k Ll I Ll G239 Jol 59t b b I yaroa sedi 3 9 00y Cultl e Ll 4l
g S o 5 Gl e, U g a5 Gl gy b

L
o
10 20 . 1

e — Kilometers

By o 52l i 5 9198 10 39 S50l b AL 4i e pu 532l G S 55088 0 59 59 030 G L0 43
gl G she, b SMjg G S 3 Gl g b

Sl
o
N

Sy el YO U ol 51 pas Ll jlol JSGLES (Gl pw U 0,5 K y) gy jLaw 50 (59 000y CoblE ol slaaidi 18 JSCh
(adloo ) 4 S35 9 VU 5900k Cabld ;b (slao



GO URG g2 G0 (5905L Tl sl yadsli byl
U|J5.0.m 9 JSQ? |JLm

A (gloa!

(<] syl el e blEs

&5 cleaSia;

20

Kilometers

Golsdion 69500k CcallB oLl b5l 6l e bl P ISl

walkscore aid b g9 00l caulild oL duylio :F Jouo

PLETR ErvR oW

o U+

+ B9 g5l
S0 b S

+ PN Ve lw
BIERST P g

+ 2N Y g b
19039 b S 5

’/Y ’/\;

SV Y RMSE

’/\f '/\D

SN N MAE

odote SYL) S jomgm e (g9 00l 4B 5o
S WYY 3 ol ol gl el sl
e ol (G amly (lyie 4 ped Cnl (Ll
Slalp o ol Glis gy cnl laadl wd ow)p
LIS (Sloas 55100 (sl 2 95095 S L
St o Ao 5 (S5 (S (Jlail maw (58
3,00k Skl 2 5o Jolse (n e 5l plae sl

it dafllas 3,50 03900 yo

ROV P FEDR TP SR 5

a5 )0 bo)le (200559

1

S5 A g Sxy -
Sl yiw ;o Al 5e0S by, oloie 4 (55,00l @ig
oo CodS 05y « Sl alS a4 wilgs 0 45 (5 0k
G =S e’ 8,559, 5l oolaiwl L sl aslllas
P e la Y ol an ( SLSe o Lresis
ey ol oLl o O 50 (g9 0000 ol
=l g Jlas! o ol jooly DU (g i 60,8



ol 03,51 wal)3 1 b Lins calisee sl 5ails L5
ol ke (a3l b anlllae ol golts dulie
G (n ytion po S lim oS 3l LiS jeSul ST
odoolis bl (plojls el STy Jow mls b,
JSlSly (S y solgity oL 3 Shac i3
ols las ol ad .ol Lol slo lxs oBuys
YL g0l cabls a3t Ly gblie il a5
Oitee dloe Jo (S 5000 0D 035 5 g otee Bble
VL 5Ll b lene i 4 ales ol lons a3l
3o 28ly slao jo Al pl Core Ll 00,5 S
gl )0 (g9 00l Sl Lol Julos
Sl i s 3 45 513 LS g 5 033 o
@laoglss Ll wsjlo 1y asls o 5VL 03 655 0
2 095 o iy 4o Laatld gjei g ad o
5 o0 yeS VL (a3l Ly 3blis o (550 )L
09y L po—w syl &5 (Jlo 50 calinn Sty
S 0slee (o295 e (S S F il
S5 5 Jol gl ams e ) Lo a3 Lt
b Brb g o9z 5l (ol slagisy (6
5 Lol ) o5ty cvanl o Laazil ol o)l
Wil dnngs e g glntle oy o (6 LIS

Byl oSt
S5m0 59,00k 4D 4 Sgame caslllae cpl LS
sloosls sl oslaiwl b aslys go oaiy| Cladod ol
Sl @l G ot b anslic 5 oo S
o daz 00ls il LS o b ccpizmen oo &3l
samola) g a3l (g 00l n e
sloarz 5l 5,00l AL (g o0 55,00k
o el 650k slaghy) g (e K00 Al
oSl 55 e (6 5550 S 426 Sgad )
o plmylere (09531 5 sl sLsosls
by 9 Ol 02 95750 &lge woljooly silog, S
0929 Wl o «59 00l e SLbI (5LAS (5 pa
1y aye0la ol ® jo s slojbima 5l s ity

ey

S0 Slelbl (5,9lad |Lawdigo — ole oy i

1EoF jaly @ g Lot @ > jasw Jluw

aS Cowl ol o glacsld sae Ly g o)ls g0l
s St 5 S s L S
P L L L o359 b ass oo o3l 50,5 puenas
e g Lol Sl g il byl (28,8 s
30l o liw aw jedaie o a0 LS
slaoslis ab (giluosly 5 e bayline (20059
aS el 4SS ol 3l S g s lee (Sl
yob 4 Wilgs o ol sl las (0458 b BA>
a0 e |y (g9 00l cullB sl 6)‘5'“""*’
slo,boe slass 2als) pgo (5905w 0 (Jlie lgae
(ol o il glolas B> L ojse V& a4 Jige
(rge Jig o> Jilowy Slol 3 5 (ploial, @Dl
2 ol kel b alaaloe 10 (a3l Sgnge 4 2t

S b ylae oyl
S S a0 Lo jlire 3ali (sl g, Conl
5 &l oyl e Lag,l Ul Jds 4 o laenis
o=l acwl sasie o lire bl g a3 5leie
Gl L L oS o SIS penal 45 o b
Cwd Loa 55 51 65380 Judoo @ o jlire cnlio
Slesiegh onl yo sl ails alalsT bl g al
G2 sl logss b weS 5 g el g5 99
Lo gy o=l 5l plos o ol ouds oolaiwl o, lxe
P9y (S yeban asls | 09 S els sla S
A a S GLSe slasly syl Joled sl
L aslio jo e 5005 wsllas o asli
Olys 4 S SIS (g etz jsbas dats, S
ol el i a S Ve VP GG asly s
‘Q-»-D.A_AM A s o] oo)jv._mfd_..ol' U‘“"ﬁ) u;‘
rlo g 9005 JBa Hozmen alaasls Cul 3
(dlie o cwl cuite Jloas] Jlop b s e sl Lxe
Sy Ll giee pleol b lagysg (s oS 5 (i)
(e Ly Coiio ol b alols 56 yg00) Lo Lxe
o=l ol aS o asle | a5 e ol sl
e oS g alie Bl e raghy cnl 5o ) 90



GO URG g2 G0 (5905L Tl sl yadsli byl

UlJMSJSY |JLm

labyy plow 5l 6 uSo,te 0 pdny plxil €oljooly
duu.us) l_> U] u‘_.S).) 9 l_;.,.aoolo Héu)a
Las,l 50 s g plS 0yl oo 5 Livo i IS

b g9 00l CublB asls

[1] M. Taleai and E. T. Amiri, "Multi-Criteria
Evaluation of Walkability Potential in
Urban Areas," JGST, pp. 75-88, May 2017.

H. Shadabmehr, "Feasibility study for
developing pedestrians in the city of
Mashhad," presented at the Urban
planning and management conference.,
Mashhad., 2012.

[3] S. Ibrahim, A. Younes and S. A. Abdel-
Razek, "Impact of Neighborhood Urban
Morphologies on Walkability Using Spatial
Multi-Criteria Analysis,” Urban Science,
vol. 8, p. 70-81, 2024.

J. A. Manzolli, A. Oliveira and M. d. C.
Neto, "Evaluating Walkability through a

[2]

[4]

Multi-Criteria Decision Analysis
Approach: A Lisbon Case Study,"
Sustainability, vol. 13, pp. 1450-1462,
2021.

[5] F. Fonseca, E. Fernandes and R. Ramos,
"Walkable Cities: Using the Smart
Pedestrian Net Method for Evaluating a
Pedestrian ~ Network in  Guimaraes,
Portugal,” Sustainability, vol. 14, pp.
10306-10319, 2022.

[6] G. Sun, C. Webster and X. Zhang,
"Connecting the city: A three-dimensional
pedestrian network of Hong Kong,"

Environment and Planning B: Urban
Analytics and City Science, vol. 48, pp. 60—
75, 2019.

A. Forsyth, "What is a walkable place? The
walkability debate in urban design,"
URBAN DESIGN International, vol. 20, pp.
274-292, 2015.

[8] K. J. Krizek, "Operationalizing
Neighborhood Accessibility for Land Use-
Travel Behavior Research and Regional

[7]

e

slosls lais s 4y aS saas )8 axg 550
ol addllas ;o Lajlos l (6565 ,5 4 51 5Lsoy9e

ashdy jomen Sailyy, Sk asly L wiles o

&l
Modeling," Journal of Planning Education
and Research, vol. 22, pp. 270-287, 2003.

[9] R. Cervero and K. Kockelman, "Travel
demand and the 3Ds: Density, diversity,
and design," Transportation Research Part
D: Transport and Environment, vol. 2, pp.
199-219, 1997.

[10] T. Pharoah, "Developing a Pedestrian
Strategy for London,” London, 1997.

[11] "walkscore,”  Mike  Mathieu, 2007.
[Online]. Available:
https://www.walkscore.com/methodology.sh
tml. [Accessed 12 October 2024].

[12] J. Koschinsky, E. Talen, M. Alfonzo and S.
Lee, "How  walkable is  Walker’s
paradise?," Environment and Planning B:
Urban Analytics and City Science, vol. 44,
pp. 343-363, 2016.

[13] R. H. Lo, "Walkability: what is it?,"
Journal of Urbanism: International
Research on Placemaking and Urban
Sustainability, vol. 2, pp. 145-166, 2009.

[14] C. M. Hall and Y. Ram, "Walk score® and
its potential contribution to the study of
active transport and walkability: A critical
and systematic review," Transportation
Research Part D: Transport and
Environment, vol. 61, pp. 310-324, 2018.

[15] D. S. Vale, M. Saraiva and M. Pereira,
"Active  accessibility: A review of
operational measures of walking and
cycling accessibility," Journal of Transport
and Land Use, 2015.

[16] A.-L. van der Vlugt, C. Gerten and J.

Scheiner, "Integrating Perceptions,
Physical Features and the Quality of the
Walking Route into an  Existing



Accessibility  Tool: ~ The  Perceived
Environment Walking Index (PEWI),"
Active Travel Studies, vol. 4, pp. 1-12
2024.

[17] F. Alves, S. Cruz, A. Ribeiro, A. Bastos
Silva, J. Martins and I. Cunha, "Walkability
Index for Elderly Health: A Proposal,”
Sustainability, vol. 12, pp. 7360-7382,
2020.

[18] T. Al Shammas and F. Escobar, "Comfort
and Time-Based Walkability Index Design:
A GIS-Based Proposal,” International
Journal of Environmental Research and
Public Health, vol. 16, pp. 2850-2864,
20109.

[19] P. lamtrakul, S. Chayphong, P. Kantavat,
Y. Hayashi, B. Kijsirikul and Y. Iwahori,
"Exploring the Spatial Effects of Built
Environment on Quality of Life Related
Transportation by Integrating GIS and

Deep Learning Approaches,”
Sustainability, vol. 15, pp. 2785-2801,
2023.

[20] M. Trolese, F. De Fabiis and P. Coppola,
"A Walkability Index including
Pedestrians’ Perception of  Built
Environment: The Case Study of Milano
Rogoredo Station,” Sustainability, vol. 15,
pp. 15389-15401, 2023.

[21] "walkfriendly,"” NYC.gov , UNC Highway
Safety  Research  Center, [Online].
Available:
https://www.walkfriendly.org/communities/
new-york-city-ny/. [Accessed 10 October
2024].

[22] O. C. Yildirim, A. Sungur and D. G. Ozer,
"Exploring multidimensional aspects of
walkability: ~ An  innovative  analysis
approach in Besiktas, Istanbul,” Frontiers
of Architectural Research, vol. 12, p. 1097-
1126, 2023.

[23] A. Ruiz-Padillo, F. M. Pasqual, A. M.
Larranaga Uriarte and H. B. B. Cybis,
"Application of multi-criteria decision
analysis methods for assessing walkability:
A case study in Porto Alegre, Brazil,"
Transportation Research Part D: Transport

ke

S0 wielbl (gglasd (Suwigo — (ole o s

1FoF juls @ pguw o jlaids @ P> juw Jlw

and Environment, vol. 63, pp. 855-871,
2018.

[24] B. Babaei Morad, N. Elahi Mehr, N.
Sahrakar, and S. A. Mousavian,
“Evaluation  of Indicators  Affecting
Walkability Toward Achieving Sustainable
Urban Development (Case Study: Bu Ali
Sina and Ekbatan Streets in Hamedan
City),” Haft Hesar Environmental Studies,
vol. 5, pp. 19-30, 2017.

[25] H. Vahidi, M. Ramezani Mehrian, H.
Khosravi, A. Alihosseini, and A. Jalayer,
“Walkability Index: An Approach to
Sustainable Urban Development (Case
Study: District 16 of Tehran
Municipality),”  Environmental  Science
Quarterly, vol. 20, pp. 259-276, 2022.

[26] M. Jabbari, F. Fonseca and R. Ramos,
"Combining multi-criteria and space syntax
analysis to assess a pedestrian network: the
case of Oporto,” Journal of Urban Design,
vol. 23, pp. 23-41, 2017.

[27] F. Fonseca, E. Fernandes and R. Ramos,
"Walkable Cities: Using the Smart
Pedestrian Net Method for Evaluating a
Pedestrian  Network in  Guimardaes,
Portugal,” Sustainability, vol. 14, pp.
10306-10325, 2022.

[28] F. Fonseca, E. Conticelli, M. Jabbari, P.
Ribeiro, S. Tondelli, G. Papageorgiou and
R. Ramos, Smart Pedestrian Net: A Smart
Approach to Evaluate Built Environment
Attributes and  their Influence on
Walkability; Fundamentals, Assessment
and Application, pp. 1-72, 2020.

[29] C. Moreno, Z. Allam, D. Chabaud, C. Gall
and F. Pratlong, "Introducing the “15-
Minute City”: Sustainability, Resilience
and Place Identity in Future Post-
Pandemic Cities," Smart Cities, vol. 4, pp.
93-111, 2021.

[30] R. Khoshnaw, "Evaluating Mixed Land
Use and Connectivity: A Case Study of Five
Neighborhoods in Erbil City, Iraq,"
Sustainability, vol. 15, pp. 14265-14279,
2023.



GO UIG g2 G0 (5905L Cubils sl yadli byl

U|J5.0®9J59? |JLm

[31] A. I. Ribeiro and E. Hoffimann,
"Development of a  Neighbourhood
Walkability Index for Porto Metropolitan
Area. How Strongly Is Walkability
Associated with Walking for Transport?,”
International Journal of Environmental
Research and Public Health, vol. 15, pp.
2767-2780, 2018.

[32] S. Ramezani, T. Laatikainen, K.
Hasanzadeh and M. Kytta, "Shopping trip
mode choice of older adults: an application
of activity space and hybrid choice models
in understanding the effects of built
environment and  personal  goals,”
Transportation, vol. 48, pp. 505-536, 2019.

[33] M. Jabbari, F. Fonseca and R. Ramos,
"Combining multi-criteria and space syntax
analysis to assess a pedestrian network: the
case of Oporto," Journal of Urban Design,
vol. 23, pp. 23-41, 2017.

[34] T. M. Lam, Z. Wang, |. Vaartjes, D.
Karssenberg, D. Ettema, M. Helbich, E. J.
Timmermans, L. D. Frank, N. R. den
Braver, A. J. Wagtendonk, J. W. J. Beulens
and J. Lakerveld, "Development of an
objectively measured walkability index for
the Netherlands,” International Journal of
Behavioral Nutrition and Physical Activity,
vol. 19, pp. 50-71, 2022.

[35] B. M. Mengistie, W. Shi, M. S. Wong and
R. Zhu, "Urban street network and data
science  based  spatial  connectivity
evaluation of African cities: implications
for sustainable urban development,”
GeoJournal, vol. 88, pp. 4753-4766, 2023.

[36] L. D. Frank, J. F. Sallis, B. E. Saelens, L.
Leary, K. Cain, T. L. Conway and P. M.
Hess, "The development of a walkability
index: application to the Neighborhood
Quality of Life Study,” British Journal of
Sports Medicine, vol. 44, pp. 924-933,
2009.

[37] R. Basu and A. Sevtsuk, "How do street
attributes affect willingness-to-walk? City-
wide pedestrian route choice analysis using
big data from Boston and San Francisco,"
Transportation Research Part A: Policy

Ed

and Practice, vol. 163, pp. 1-19, 2022.

[38] F. Fonseca, E. Fernandes and R. Ramos,

"Walkable Cities: Using the Smart
Pedestrian Net Method for Evaluating a
Pedestrian  Network in  Guimaraes,

Portugal," Sustainability, vol. 14, p. 103086,
2022.

[39] M. Harvey and C. Whong, "Sidewalk
Widths NYC," 2024. [Online]. Available:
http://www.sidewalkwidths.nyc/. [Accessed
7 October 2024].

[40] P. E. J. Vos, B. Maiheu, J. Vankerkom and
S. Janssen, "Improving local air quality in
cities: To tree or not to tree?”
Environmental Pollution, vol. 183, pp. 113-
122, 2013.

[41] K. Stagoll, D. B. Lindenmayer, E. Knight,
J. Fischer and A. D. Manning, "Large trees
are keystone structures in urban parks,"
Conservation Letters, vol. 5, pp. 115-122,
2012.

[42] M. Meeder, T. Aebi and U. Weidmann,
"The influence of slope on walking activity
and the pedestrian modal share,”
Transportation Research Procedia, vol. 27,
pp. 141-147, 2017.

[43] R. Dalton, S. Abbasi and S. Han, "On-
Premise Signage and Placemaking: Aiding
Lively Streetscapes to Maintain Signage
Visibility," Interdisciplinary Journal of
Signage and Wayfinding, vol. 7, pp. 37-52,
2023.

[44] D. Rhoads, C. Rames, A. Solé-Ribalta, M.
C. Gonzélez, M. Szell and J. Borge-
Holthoefer, "Sidewalk networks: Review
and outlook," Computers, Environment and
Urban Systems, vol. 106, pp. 102031-
102046, 2023.

[45] V. Juul and E. C. A. Nordbg, "Examining
activity-friendly  neighborhoods in the
Norwegian context: green space and
walkability in relation to physical activity
and the moderating role of perceived
safety," BMC Public Health, vol. 23, pp.
259-273, 2023.

[46] R. Basu and A. Sevtsuk, "How do street



attributes affect willingness-to-walk? City-
wide pedestrian route choice analysis using
big data from Boston and San Francisco,"
Transportation Research Part A: Policy
and Practice, vol. 163, pp. 1-19, 2022.

[47] A. Sevtsuk, R. Basu, X. Li and R. Kalvo, "A
big data approach to understanding
pedestrian route choice preferences:
Evidence from San Francisco," Travel
Behaviour and Society, vol. 25, pp. 41-51,
2021.

[48] S. Ferrer, T. Ruiz and L. Mars, "A
qualitative study on the role of the built
environment for short walking trips,”
Transportation Research Part F: Traffic
Psychology and Behaviour, vol. 33, pp.
141-160, 2015.

[49] M. Trolese, F. De Fabiis and P. Coppola,
"A Walkability Index including
Pedestrians’ Perception of  Built
Environment: The Case Study of Milano
Rogoredo Station,” Sustainability, vol. 15,
pp. 15389-15402, 2023.

[50] B. Ayan, S. Abacioglu and M. P. Basilio,
"A Comprehensive Review of the Novel
Weighting Methods for Multi-Criteria
Decision-Making," Information, vol. 14, pp.
285-301, 2023.

[51] J.-C. Pomerol, "Scenario development and
practical decision making under
uncertainty,” Decision Support Systems,
vol. 31, pp. 197204, 2001.

[52] M. G. Delgado and J. B. Sendra,
"Sensitivity  Analysis in  Multicriteria
Spatial Decision-Making: A  Review,"

Human and Ecological Risk Assessment:
An International Journal, vol. 10, pp.
1173-1187, 2004.

[53] O. I. Nasef, "Walkability assessment using
GIS-MCDAA case study of two counties
Gévle and Uppsala in  Sweden,"
MastersThesis , University of Gavle, 2021.

[54] C. Deng, X. Dong, H. Wang, W. Lin, H.
Wen, J. Frazier, H. C. Ho and L. Holmes,

|4

S0 wielbl (g9l (uwigo — (ole o s

1FoF juls @ pguw o jlaids @ P> juw Jlw

"A Data-Driven Framework for Walkability
Measurement with Open Data: A Case
Study of Triple Cities, New York," ISPRS
International Journal of Geo-Information,
vol. 9, pp. 36-53, 2020.

[55] A. Sabzali Yamegani and A. A. Alesheikh,
"Development and evaluation of a
walkability index (Case Study: districts of
the Ghom city)," Journal of Geomatics
Science and Technology, vol. 5, pp. 159-
174, 2015.

[56] S. Steiniger, C. Rojas and G. Vecchio,
"Evaluating walkability with
WalkMyPlace-Five reasons why the utility
of Walkscore. com may be limited in South
America,” presented at Accepted Short
Papers and Posters from the 22nd AGILE
Conference on Geo-information Science.
Cyprus University of Technology, 2019.

[57] J. A. Brown, K. D. Curtin, M. Thomson, J.
Y. Kung and C. |I. J. Nykiforuk,
"Contributions and Limitations Walk
Score® in the Context of Walkability: A
Scoping  Review,” Environment and
Behavior, vol. 55, pp. 468-519, 2023.

[58] B. Bereitschaft, "Walk Score® versus
residents’ perceptions of walkability in
Omaha, NE,” Journal of Urbanism:
International Research on Placemaking
and Urban Sustainability, vol. 11, pp. 412—
435, 2018.

[59] T. O. Hodson, "Root mean square error
(RMSE) or mean absolute error (MAE):
When to use them or not,” Geoscientific
Model Development Discussions, vol. 2022,
pp. 1-10, 2022.

[60] T. Chai and R. R. Draxler, "Root mean
square error (RMSE) or mean absolute
error (MAE)?—Arguments against avoiding
RMSE in the literature,” Geoscientific
model development, vol. 7, pp. 12471250,
2014.



Journal of Geospatial Information Technology
Vol.13, No.3, Autumn 2025

K. N. TOOSI UNIVERSITY OF TECHNOLOGY
FACULTY OF GEODESY AND GEOMATICS ENGINEERING Research Paper

Spatial Multi-Criteria Decision-Making Approach in Evaluating
Walkability Indices: A Case Study of New York City

Sara Jokar !, Mohammad Taleai 2*, Seyed Ehsan Sadooghi *

1- M.Sc. student in Department of Geodesy amd Geomatics Engineering, K. N. Toosi University of Technology
2- Professor in Department of Geodesy amd Geomatics Engineering, K. N. Toosi University of Technology
3- Ph.D. Candidate in Department of Geodesy amd Geomatics Engineering, K. N. Toosi University of Technology

Abstract

Given the importance of walking and its role in promoting the physical and mental well-being of the urban
residents, various indices have been developed in recent years to assess walkability in the urban
environments. Among these, the Walk Score is a widely recognized tool; however, it primarily focuses on
access to some selected services and fails to capture the multifaceted nature of walkability. Accordingly, this
study aims to develop a comprehensive walkability index by incorporating a broader range of indicators that
reflect its various dimensions, using spatial multi-criteria decision-making methods for weighting and
integration. To this end, a set of 24 indicators related to different aspects of walkability were selected.
Subsequently, three weighting scenarios and two integration methods—TOPSIS and Weighted Linear
Combination (WLC)—were employed to conduct the sensitivity analysis and determine the most effective
weighting strategy. The performance of the proposed approach was evaluated using objective assessment
methods based on the statistical measures and walkability indices developed in the previous studies. The
results indicate that factors such as access to parking lots and public services, land-use mix, street
connectivity, residential density, and maximum permissible street speed are among the most influential
variables affecting walkability in the study area. Comparative analysis of the scenarios revealed that
Scenario 2, which reduces the indicators to 16 using Principal Component Analysis (PCA), reflects a more
optimistic approach than Scenario 1, which adopts a pessimistic perspective, while Scenario 3, which reduces
the indicators into five principal dimensions, offers a balanced alternative. Furthermore the comparison of
the computed indices with the Walk Score map was done. The results showed that the WLC method under
Scenario 3, based on the main criteria, aligns more closely with Walk Score than TOPSIS. The results
underscore the critical role of weighting and integration strategies in spatial multi-criteria analysis for
constructing the effective walkability indices.
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