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ABSTRACT

Population growth in cities worldwide, particularly in
developing countries, is recognized as a prominent and
prevailing phenomenon of the modern era. However, this
population growth is expected to decline in the coming
decades as generational renewal rates decrease, leading to an
aging population. These demographic changes have
prompted the World Health Organization (WHO) to
introduce the concepts of "active aging™" and "age-friendly
cities,” which have now gained widespread attention in
urban planning practices. This study investigates and
analyzes the spatial distribution pattern of the elderly
population in Qom. The necessity of this research arises
from the increasing elderly population, which demands more
precise and suitable urban planning for this age group.
Neglecting the spatial distribution and specific needs of the
elderly can result in social inequalities and a lower quality
of life for this population. By utilizing objective data,
software tools, and spatial analysis models, this research
created and analyzed hot and cold spot maps for 2010 and
2015. The findings reveal significant changes in the spatial
distribution patterns of the elderly population in Qom. These
quantitative and qualitative changes underscore the
importance of implementing age-friendly city policies in line
with WHO recommendations, highlighting the need for
urban planners to give special attention to this issue.
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Extended Abstract

Introduction

One of the social phenomena that is
increasing across both developed and
developing countries is population growth,
particularly within the elderly age group,
i.e., those aged 65 and older. According to
the World Health Organization, the elderly
population will exceed two billion by 2050,
with more than half residing in Asia and
large urban areas. In Iran, demographic
studies indicate a trend toward an aging
population in major cities, exacerbated by a
decline in the population growth rate in
recent years. For example, Qom City, one of
the country’s major cities, has experienced a
growing trend in population aging. As
discussed in this article, one of the emerging
concepts in urban planning literature is the
"age-friendly city,” aimed at providing
necessary facilities for the elderly
population and ensuring their fair
distribution. This article aims to investigate
and analyze the situation of the elderly in
Qom through the lens of age-friendly city
components and indicators.

Methodology

This research investigates the spatial
distribution pattern of the elderly aged 65
and older in Qom for 2011 and 2016. The
study was conducted in two main phases. In
the first phase, theoretical foundations and
literature relevant to the study were gathered
and explained. In the second phase, a
suitable research model was developed to
assess the quantitative and qualitative
distribution of the elderly population.
Objective and raw data on the elderly
population aged 65 and older in Qom were
collected according to districts and statistical
blocks for 2011 and 2016. Raw maps
representing the current situation were then
prepared using GIS software. Subsequently,
aging indicators, such as the old age ratio,
were calculated for the specified years, and
relevant analyses were performed. In the
second part of the study, after calculating the
indicators and preparing related maps using
GIS, a hot and cold spot analysis was
conducted using the Spatial Analyst tool in
GIS. The results of each analysis are
presented and discussed. Finally, the
research concludes with a summary of

findings, conclusions, and necessary
recommendations.

Results and discussion

The research prepared maps representing the
distribution of the elderly population in Qom
for 2011 and 2016 based on raw population
data. The 2016 aging index map of Qom
reveals that the central areas, particularly
District 1, have a higher aging index, while
peripheral areas, such as Districts 7 and 8,
exhibit a lower index.

In 2011, Moran's Index of 0.151307
indicates  significant spatial  patterns,
suggesting the formation of regional clusters
with common characteristics among the
elderly. The low variance further suggests
uniformity in the elderly distribution across
different areas. A high z-score and a low p-
value underscore that the observed patterns
are unlikely to be due to random chance. In
2016, Moran's Index increased to 0.231636,
reflecting a notable intensification of spatial
patterns. The lower p-value compared to
2011 signifies that the observed differences
are statistically more significant than
random occurrences. These findings indicate
that the spatial patterns of the elderly
population in Qom have evolved, with the
increase in  Moran's Index in 2016
suggesting a growing tendency to form
regional clusters or more significant spatial
disparities.

A Global Hot Spot Analysis comparison for
the elderly population in Qom City between
2011 and 2016 shows significant changes in
their  geographical distribution.  The
similarity value increased from 0.3256 to
0.5407, indicating that the spatial patterns
2016 were considerably different from those
in 2011. These differences are evident in
various aspects, such as changes in the
number and location of hot and cold spots.
Additionally, the Spatial Fuzzy Kappa value
increased  significantly from  0.3189,
indicating a more significant spatial
correlation between the two hot spot
analyses, suggesting increased alignment in
spatial patterns from 2011 to 2016.

Conclusion
In summary, the population aged 65 and
older in Qom experienced significant



guantitative and qualitative changes in their
spatial distribution patterns between 2011
and 2016. These noticeable shifts underscore
the need for urban managers and planners to
effectively manage this trend by considering
elderly-friendly city indicators. By adapting
the physical environment and distributing
infrastructure that aligns with the needs and
characteristics of this age group, Qom can be
better prepared to meet the criteria set forth
by the World Health Organization for an
elderly-friendly city.

Funding
There is no funding support.

Authors’ Contribution

All authors contributed equally to the
conceptualization and writing of this article.
Each author has reviewed and approved the
content of the manuscript and is in
agreement with all aspects of the work. The
authors declare that there are no competing
interests.

Conflict of Interest
Authors declared no conflict of interest.

Acknowledgments
We are grateful to all the scientific
consultants who contributed to this paper.



& . £ a > & & . a
5000 53 y400 ) SN > S idg 3 olibad
2423-T779 3 %ig 53 Wi
Journal Homepage: www.jurbangeo.ut.ac.ir

ol 518 Cawgd gaib 9 ST U (sloiodle 3Ld 50531 g 9 399 Judoxs
19 36 353 390 aalllao

T ool daks Sy dhuase 0 gkl Cual S

zayyari@ut.ac.ir :asbbly . ojlpl ooyl el o5 ol Ldl i 0aSLily (g 30540l g (Slsl (sldl iz 09,5 ¢ Jgiumme ki =)
m.tavakoly79@ut.ac.ir :asbbl, .yl eylyes ¢yl ol didlyae 0uSisly (g 33 y0b py g (bl (glidl i 0g)5 ¥
std_hadi_khani@alumni.khu.ac.ir :asbb), .|yl eyl w5 (oo )led oSl ( oldl i pole 0aSiily o Sl (bl 09,8 —Y

oS Wlio cleb!

N . . N P . Wl £o

Sgeio 00 (lgieds drwgs [l )3 (5198 )3 0fagds (e Slajed )3 Cupmex A3 i fz:
9

sloan )3 (o M) (i oS Canl (Jb 3 (pl 298 0 4B B> pume I
ol 335 (o Camen (S35l 4 oxie Jus oS Ky, GRS Dyge 53 g
5 «Jld caiadloy munlio b sl o] o 1) il Sl plojle ¢ cures il puss

Ht Py TNy

S3y4eby 3 0318 yolbods 09,0l &S cannlin LS (Byma |y Catoll jlaitiagd o> VR ¥S
@39 SN Jibs g ooy Baml il laghy LlB )5S dgidyge (506 :5;5;’/“ f/":
3 Bedos ol plsl @958 canl oadplol 68 e 3 G35l Cumer (olab bty )b
P8 b syl p 4 b (el Cunen ilIL 4 9 oo (3L bl VEeXIeVIeY
2l i 4 g pas ed oo el Gl (o 09)5 (il Sl Foalie wurtjf/::

CurS ials g el g pnlpnl @ e Wlge il ol el
Sl exSope 9 s ool 1 eolawl b imghy cpl 50 g o481 pl S5
Sl dpw g € laasd glaaiss ( olad oo slaJde 5 g)l38le 5 slacud )b

2 yhlixe Olyuss oniad lis gult .Sl Judow 9 4 VWA 9 WA Sloj slaojly 165 551
u;“f )L” 5' i ‘-’l)'*-‘-"J Oﬂl o] 0392 r°3 > OKD)?‘JL‘“’ Core 2j9 u-’L*"-g 69§J| cbiollr b Gy et
Sranog b Glle dalls jliwgy b slacwluw el coanl (S oo - o

sl (5 e 2 )aeby: 09 g5 diails g 20> 48T cubligg Sl lojle hse oa3ls

aallan ol )15 g oy AT L liiallis ol s 5 we Jubowi (V) ool o GB 5 ilaao wasi (IS call canl S (g b5 0L

Y= (V) I ioped sippdoliy (sbiliis (sl ying s o8 b is3)90
http://doi.org/10.22059/jurbangeo.2024.378784.1962

o ol ol )Lict) a1yl SBorws ©



dodile
d9be 4l Glasl (S5 b AT 5 sy plgied &L e )lon S lgisdr & 0oyl (saialles
olre pac ;D dius p ol loisds Curen My g (ol i drwgi (opl HUS )5 (Van Hoof et al., 2018:2)
a3l psboar (i pped dnwgs el " ndipnd 8" Glgiee e ]) pol 8 & Sl gy e e
Olizmen g 485 plidy 05) (died Sial i ginio pas JETL &S )0 a Cusl osdgpd (ixko O] | Gy
(hSar 5 6)l) G i g cpldl ol s ol lgiee & rge 4 Gl 03] (ggts ES o e
5 6)bj) ol odd oped @obre 3 55 UL Son 4 e (sed WS ludl drwgi cpl 4l () Y
Y5 ol bl el )8 (ol 4295 BB (gl jgliws ) Cumar (I8l 5 (6 p0ed (S dmgs ax ST(VF VD) (doljee
oddy S olgiedr ob el ol el Camen peSeia (Il il Bl olpen 353 b 55 1) (65503 ey
& ol 0 9 skl .(Jelokhani-Niaraki, 2019:2) 555 o adlis cloinl Jills O lgicds on 5 Sl
Buffel et al., ) wlodsarslis (g, (s pydabyp ol csloygmo 5| oo ot F01Ss 5 e sl s
sy ssbods 1l & sl Legdse YU dalls Caman sl (sloyed i o pliialle slas ilsél (2019:27
Sby9dS 5> Lids 03)95dl Cumex jlod (Jlo plojlu bawgs oadpiiie glaosls (wlul 355 )18 4293390
Buffel ) ool il58l Jb )3 ceyuds 35 liasye 5 olpl o A6le (larwgs 1 )d (slayguiS )3 aSl adbdawss
Yoo dgds 5 olas oliiell cames VAB+ Jlo p a5 a3 o i bayylel aiie oyl 40 (& Phillipson, 2016:95
S o it el B 8 el i o e B 4310 ) Jla B b ol 0332 5 5
aalgs 15 3Lk ¥ odgas 4 Ve Jlo B g 485 3,Lke V) @ plas kel Cunes 2 Y0 Jlo b oS ol ] )
(VR 03lj b g 551 S5) 292 dialsS (S Lol 3 0003 OF iy (BT 51 e 31 e 45 e

b o by ool ol (ggpdiy Jb 50 G b g0 @oli ) whallis comar Ral31 g, 55 ol 5o
YL o 0l ) ez 1o )3 ¥o VD a8 (bt i dals dolge " (53,550l el oy b oS VFY- Lo
5l e 5988 crege e 9 Sl Sl g Rl (WWAY (Ll 5 (e (00)5) €855 sialgs )13 Lo 0
Halpl » Jlo e YL Camen My lise ¢ pimen ((Afsharkohan et al., 2015:25) cosl Caren sy Coo pu
.(Khalvati et al., 2015:29) sy dalgs Y0+ Jlo b oo Y8 5l i 4 V)Y Jlo pd lop A

lacsloy; @l 5 b @asky 1 )ik weils Glaz 5 il 2 plitells Cumex gy 13, L9y
pole 53 ysrbsi otimady 0je> o lsieds " (6 ped el potde cine) nl 53l (s 09,5l (sl cuslie
g ldlype (g obylai b paras opl (Van Hoof & Kazak, 2018:584) cuul sz las il 5 (cloxs!
Buckner ) sgu oo a3l " wiadlos jlaiwgs jas" porde b (o b (650,400 0 lodl 3 g3l Sligeen Jame (pm
(et al., 2019:205

slaedld )3 e S )lie sl Siine 45 .l gt cullad 4 ylas olwl g Maidle jlaiegd s 4l 4l
olejle VooV Jlo 53 bl (o S oo )] ) (S35 CalsS 9 codl sitollos (93 53 (25 5 (o
Vgono stiallu 95 4] & a5 s (Sadrollahi, 2020:14) 5,5 ¢ ks |, " Jleb caialle" pogie slgs cuslipe
Okl &S 4GS Copie g dbn] plalase Wb (i 55400 ol ol pon o lacdled aoly Eals
S g el plo b Jolas 9 308 sloduoye )3 j9a> jlg aiS Bibo gy (6 0ed glalame 13 1) 355 slajls il



Yo RRVON | PR FCHVIT SN VIRV L PN RVON IR 9- B X P TSI B R S A LN P N P

Sk Gl o Ban 485,87 (Byme 1y M akallis g 10" pogdo cudliny Sl (lojls oglaie yam 4 5
(World Health Organization, 2007) cul ;liells slacodgixe 5 bjls b oges Sloss

oy sl Lol Lol jyme cutin )3 cudliny les olojle (slod )it Lolol  sialle Jliigd clo i
g cbls)l Jlwal 5 (gae c8lie (sloirl Clgaitio g plinl (eloial €8 Lo (Sune ¢ Jiig Jox daloislo 5
.(World Health Organization, 2013) tss o (gandids 5 Sl e 5 oMo Oloss 5 «leMb

Cuno 338 (ol G (s 0y (ool polaiods 7Y jula5 & 3)90)> Cunesr A oblgis o & cylis |
2 35l drgie b (Yghue g (e drgio |y alajille 5 OIS Wlg5 oo 03,55 wal5 (0 glalae
8,5 )13 adlllansjge ialjal 4y 5y wiall o b g oS (ol slajpaed plo Jl (S ey o8 e ol oo
el (olad (o0l 5 pje Jelod 5 4biS (gloand )5 Cumar (53)55dle L9y () coimgfy ol Ban .l
0 e sl Co e lp i iyelip 5290 (2l slaodly (ol s B Cunl 08 0 5
s 3o 51 (o lsisas soed cnl Vil o casl il o8 e 53 dliane (ul & B G935 1)) e
hl> 55 v ol )9S lajed b wSlon K03 (ggu 130,500 ABLS S GoreecSy I Gy (me b )5S
YL 25 Jd 4 )R> spm jl g Cumer b A0y Car 4 VL ) 25 ol gy oS sl (YL Gy 2
2 w3 el ) O drwgi die 5D (6,50n] pas plply ol b ol 4 eddd)ly ol ylee
Al a4y colie bW djle al)s cnl ) (eloua] Cllie 5 o Copte Srojes 53 (6ol OIS W55 o
D)3 @9 ps w8y > Cawdplil ol Simgg plol e dlgie

iy el > Cungd jd diej 3 & 35 Gl |) clae (b g8 )3 eadple dedde 4 colis b
F ol oabainly 3] el g 5l oola by 4 asldl o a8 Cuwl 48 S Oy (go0mie

Aaly ol o Sy (S5 oS 1 28T L sallis Jlo g b )l g o 2 (Y2) olSem 5 oyl
Goslizo g (218 5 (Sloyd 5 (23l | ol 30 i 5 S @i o Gl ool gy ol @l
ol 03y el colsy b

Qs ]y UK 50wl )y Cuvgd o sla sl Bymo 5 (awyp 4 395 Lidoh 0 (YVF) o) Ko 5 ULyl
elezl c8)lie (Sue JBg Jo> platlo 5 jb slalad 5l Bog @)l bapadls ol (o ppee daily ol
el ey elezal o il s Sledbl 5 Slblsl allbgls el 5 sse e lio plsl

3lge b ;e 39 god Bioe Aallio )l> Cungd yoed & Wlossws) s cpl 4395 (g )3 (V4IY) oylSen 5 J3L
pow el 318l gl us B 5 codgiome pod el Hliiwgd cou o Lol Jolss sl 5 50 oddzlao
T i slalaos dnwgi ) (e 313 Sl ) oladisel pilaz oo (oloin] Cusli G (lady S

b g ity ) B Gladilie olulis plyie bag (iags )3 (VAY) olSen 5 s ol e
a3 joys Malle gy jaed 3855 53 (NS Bl cp i o5 3l 00 ol Bl (i ) delle gy e
b e ) 5 ool Sl g (Sidlen g a)lSo (e g iyl pla glagadls 4 byype (i yaelyp
ol JBg o g diadlw Hlaiwgd 3 slaadie 4 bgsyo

ool oliileyS” 5> ikl jlagd o (sl adls cundg gy L 3gs Glaghy )3 (VYY) ohlSer 5 (08
3 g il g i i oliile Sy WS oo ol 395 sloaBly i 5 Cadligy Sl glojle Jao



9 Olbls)l jeme 4y bgyye 0505 YL 09 O Y (yw dleld GIV/YY o V/0O Cudy 4 oliiall g ol pde oB s
e g oaiallo B0 e 5 VAF JUdl g sbigyed 5 Lo yomo & bogrye 0y05 ooyl 5 VA cleMbl
ot g oledbl g olbls) JUndl 5 sped <8 lio Lelain] o8 lie g Jo> (slygne )3 sloline coglis
4 bgrye 0yed cnyoml 9 VIOF S5 dilaie 4 bgiye 0p0d (p VL (pizren P=0.000 18 8l (oo 5 (oMo
S50k ) Jltsl Camdg 0¥ Jab 410 o g Mol jliogd b JS 0y05 o 392 YV ylaz adlaia
il 393 g yalime (g lal LLG 0¥ las5 8 slaws « e v s

Cuwgd e S padls (g )lisbo SYoles (il de plgis b g3 (gl 3 (VF+)) joiz (oo g ypaie (o>,
Jiargd o (Sl yasls ()b a5uus &5 X5l 0 plo @l e 3 )l Sle Gl ) e oliile ) diall s
ip9h 9 b lacusdse (ol (olie (2xiw 395 (b 5 0)> Slnl Cumer )3 (ggllae 2lg) 5 (LU Ml
LIV [ KVON | IR CI

3 o Ml jlazogd joed lagadld 2Lyl g hoxie glgie b g Gigh 3 (IF4)) hlSen g dece (a3
Nley b pigds cul )3 mosls Julodigny joi WS’ oo plgie @l (A5 55 gl b9y 208 9 )15 (slaolias ol
S o cloys 5 by B a> claible ( oosar (clola 5 Joido b jasls Cusl 48,5 & s ST pls
3 it apadld (oled g Ptie (3550ke o dm3 (o0 (LS o llod Cunl 0392 g () 5 (K23 j0al (oloi]
el [Son (g by oS Ak e O

oltsl ¢ oMl M Jalds itte laplSe (bl g oy 4 293 dllio )3 (WAR) () Se g 031j it
45315y, Siallos o gy (slndilio 5 oyl i 31 el g Y Sl olalys pliondls 2T gz oyt
Sy o> wloss Slops (dlagg ©lods Cunl o392 05 3)l90 Jols gy (nl 3 03latuly g0 (slapadll disej ol 53
g ool Cumdy g (sagas Slass (Sogl Guuw (gl el
b slalad cuwl @)le imgh cpl 53 cotin slayadls de oyl jd Sladls p Kadle HId Cuvgd b sl e li
oo S )lie g Jlrdl (elaial clgaida g el @55 JBgdes (slorl cSilie (Sue aplaitlo
oMo Sloss ¢ sloin! coles Glbls)l g GleMb

SRS b slad (pgi8 b Wl gy b spadld oLl adlas 4 (WAA) (e 5 LS
> Cgd e sapadls Jai ) b cpl 45 30 plo GiagR ool @l Wbl (eges slaglSe 5 g leb L
S b culite (opped (slalidd (0d yoede 52 53 St g gde Slacsidaly diajls g 4l (il dlold sl
8l e atels

2 Came sl slaails (olad lagSll oo plgis g Giaggy )3 (WA o3l (deins g 500 S5
gtiall (Stunly (saialls s A8l slapadls o g il laoliad 5 (o)l Sle Gl e b e
w0 (asls s o polie b lis asl &S Wb e o @l (isu 0 (gye (adls 5 el (a3 ls
sladgy oS 5 (alad (Stwansgs | (adls ke g Cul 03 (ool e I it (65 0 e
Bl o yloye5

Glegdge I (S plpieds Cuiallo jlitngd o> porie &5 a3 oo Ui Ciliee glagingy (sladindn Grager



Y RRVON | PR FCHVIT SN VIRV L PN RVON IR 9- B X P TSI B R S A LN P N P

OhlSen g ywygld .ol 485 )15 d> 955 )90 (lod S jgbots laialle (S5 atsS <i) g (6 p0d (S32y40l 5 ) poeo
ol colisy oximd ) Lis guls 9 4l (6 b Mg @98 325k 5l liallis (S5 CudS oy 4 (V4)R)
Jolis a8 Wlos S Byme DL p3 1) diedls jlasisgd sods (slajadlis (YVF) o, en o Lbyol .l 03y @395 ool
PIhsgd s 385 &S Ll 1St (VoY) o)Sen g JBL g o loin] 8 )live 5 ySauno ¢ J5g o> b slalad
ol dawg ) Ob"l Syl 5 el (sl rcus b g aiadgioe ¢ ol Jolse 8,5 a3 b s aiedlw
555 |, ),JL i (@B g e sla ad Ll a8 Wleols L (VF-Y) ) Sen g s 00l s ¢yl ] 5o

leua.‘>l.w L;gL{)')\ Ny 2 )i-.t-’ LsLmuM.as”J Slassl OL\;AJL.\: 9 O‘ﬂ.\o olBud O Lﬁ)‘)t;w dl.mc;»sl.é.? 9 oa)f
3o i S jgbay clalllas ()5l 48T latalles jlo b caslize (60 slaliad 350 (sl yige 55580050
g oltells [ S05 CutsS dgug 4 Sl &S Cawl Sialon 5 zols (63,509 diojls Mol Hlaissd (sla s gl &S

S e
il

sl (aiBga ly T b g ol Slaa (slanyy 4l tams dilato b 38 S & dga5x0 (slodydy Cumen (saioll
sty 3 (555 4 3l 5 e b 0 9 85l 55 e Vs sl Jpam gy S0 i
So sl (VO (0plSan g (pog padly 0 5) ol aidly ol elotl dnngi g (eloial oolaidl ( Sij
iy K30kt s SlhogS gl & ol Comar o IS ol S oo (sl ity
llge (lize (1ol L plys Cundy ol 4 imd o (olatdl 355 4 |) Cumer I i e (2,95l (] 3 oS
15 & Ly el (FASIYRY 59 lork cq s yhor puol) Ablse soogSye LinlS 5 555 & suel il
el e azallo 53 (5855 CatsS Ll can 5 siall o3l Cael § €8 Lo Coodlos colby e slbcus b (loings
sialls 535 51 O3 63,5 glaw 45 ol ol 1 shacgosnn Jol 3218 o) (WHO, 2007:5) e Ly
24l g sl a5 B (ced slalazme 3 bolse ol ool iloe il )3 )35 e 23l A5 s g, 5 Ly
5 Bjls @ i gy el 3 gl NpS 8 rginyge Chda ekl gy lajed Copie g (b
ol (65976 ccamlio Ul (9l wald 5 (s b slaliad (b ) plaialls (ol Ll



VEoT 5l O 5yloud VY 5,98 ¢ (530800 0 (51l Sa gy lono YA

(WHO, 2007) L, ccxialles 5 50 Jolge ) JSoid

Mollw 415 Cowgd ppew

39 0ol Ohld)b (el hyelp Clodl )3 6 psrde o plpiedr Mallw Iy gy 0 p3l lalo
il olo 4 sl > (Buckner et al,2019:205) cul iz lae b 53 151538 @yt g Canl 035l Cand 4
2 &S Cowl (6 yhd Mol J> Cowgd o Slea cubligy losle (sd,Sgy (slie il sabaid )y ponte oyl
5 et ol 4 s G loils g sialls ab @55 Comdy b cuslite (60d Mg 9 St i ¢l
g &S )l cudling (gilwaine b &S Cunl (g0 tallw Hlaiwgy s (KUMMar,2016:63) sl (6 4 Mg
CatsS ialisl ] Gun g 08 e a3 3l cpl el 1y Jd el il (S5 cutsS o)) ol el
2 ol Gl (Soid g Bl clan! lopl b ablis 5 bl g ailig) lacdld pbsl LUlg bhas  S55
ol pdyo Jlaiwed i z8lg)d g Lodlgils g 18348 laiallo jltwed s (dme 4 liiadlu Hlatungdy b Cdids
ol 3 @elgr g bajeed odigslae (Sl cuiligy Glojl bawgs wiollu jlaigs (lajeed Sl &8 Sloj 5 9,00l
Cusligg lojlo L(FYF VAN () Ken 5 (SLS) Wlod)S 39 diadlus Jliiwed (slayadls (ili8l & ggyb e
lalad (VY WP o gaals o alilpl) cul 03,5 Bime s $ 29 dallo Hlatwgd (sl 1) adlie cutn Sl
Sy et elaial sl 5 Jpmd eleis 25 L el y bl (e Jiig Joo o laiSlar 5 gns
(V+17) gl 9 Bl &S (g0 41 3yl 3929 (il (slaolSyd dinej el )3 - Jlidl g (Sde <8l (uilagy
S g 3 ol 4zl Blod el gl 1y Blis (oolo gblio il s> s daliyy 45 S oo JYazl
ool 5 e lngonin 5| g an (gl Jol sl g 5 4y o lesih ol (Y10)
ool slacuwlow 1 gliged Kallo Jlatwgs poad oS Wldlcuwd guls cpl & (YY) Jo¥ o b 09 sod luidy
I8 5T 3)50 rizmed 5 IS Lo g (s 4245 3,509, 5l (o0 20 b sl (63900 gycnli] dgbse ogmne
0B (sl D9 walyd diodlus Hlaiwgd o (i ydelip 5 (b Slosde byl (il og g S Sloyss oo
Cge oS 0dg jlidyge Mallw Jlitwgd el 3850 jglateds (b g (5540l jl o9 (Vo) ohlSen 5 (ygtsle
23,5 5 JSb 53 oaddilyl (gamiz g e sla el g sl (5]



Y4 RRVON | PR FCHVIT SN VIRV L PN RVON IR 9- B X P TSI B R S A LN P N P

(Marston et al, 2020) sdlo s cusgs jad slS slaasls Y JSWd

(seloxn] (a8 aliseo slal (s ol orilgie ¥ S5 ass] pillae el ()5 Cawgd b (sla e li

b el ol g cul cuenl Gy 15 g plul K59, 13 by yasls opl 5,5, aie) cpl 55 el g (gl
P Grge d Cang bl B 55 Glagh plol gy 4 o)Ll e cnl 53 le e wald ) sllas ol 4
oS Cunl 039 )] g o g Cowl 4B )F g0 (laibulS ¢ Slhike (iSu 93 0 kg pll K9y ol edel ¥ IS
Sl o b33)5 )] dalllans jgo 03545t 35290 Cupmdg I (qrwlio Sl o (i3 93 cul e LU Sl L
odiglae ¥ S5 )0 Shmgg 1l 00,5 (o) ot 555 (sllae (glod gl Cusd g gl cuslio o 5 ol 4y

|
o plxl K9 Jae Y S
ORYF N9

Camedr (2Uad @jgf Candy (owyp g Jdod 3uiod opl Ban sl sadlpl g (Shb w0 zpb 4 (hegh b,
OS5 (98 (o505 (5o poo 1 03liuldj90 (Slnodlsy e ol 4y (alitwd (gl Al oo 08 e 5> JLo £O (VL



VEoT 5l O 5yloud VY 5,98 ¢ (530800 0 (51l Sa gy lono Y.

3 ol 003,55 pnd 650 sbSol ol o lmodls (gyglaes wlde g oddzlSeiwl 1YAD § VYA cla Jlo ,
oo b 31 oolizal b i3 yge slbymsls Clusbre & ol S5 4 p3Y ol oy (stially sl asls &

Hom| oldplsl 45

Clrsdy Jye el

il Cuns

sl Sty o

sdollo adls

WY 0ol e g 501 St a0

g dule GIS Jl38le 5 1> olad gylol (glaylpl 5l oolitel b (cdiadl b basye (olib (cla yadli wa dlsye )
oy O g ED claasl adss &l Gl Gua .l 00 )8 Adgi Slej 0y 2 (glp Dy g gD slaasl claadids
Cad )b g o8 e 5l (2lad w3 ol g addlaedjge e3gacme )3 diall Cumen (ol @i el 2920 Cundy
U Caol oadploal (WWAD o WWA+) Jloj 0)sd 90 (£ loaS) 1o Ol st dunlio «olyg ) ol o gkl
Jios S oyl ol 8 pglaieds Gimgly 39y ! 93,5 bl 5 Jelos el Cumex @i ) s slasSl
il ol 45 55y il o0 ol 5 (i o8 e > il Camar (2135 (5550 1 385 5 ool
0390 (& pay 1D B el Loy drwgi 5 SN by 0 e Solite Sloj cbaojl 3 3y g ED (slaaSd
4 calie b g hagh sl 2 00,5 (aitte Joglhe s 4 (bcwn 5y bl 4 g oo pre cnl & ol
Gl 00l o3 sladlpiiins 5 (s S Aot imgh (sladygliwd

axllaod yg0 03945

Jdd 4 yed ol aed o S 1y il ol S5l duopd +/FA (g p0 4i0gkS VITYA Jolro cnlue b o8 pois
Y0 5l fiS o Vle Gl (s5hn 45 (G055 (el S g 28 ol (b 355 i 5 (55Ly Carbyn
o > (635 )8 g owmd Cmbon 5 | o8 0 g gcnlly el A5 s 423 YO ] (slod bausgte g st e
ol g 4l olales Dl (e g B L o S ool sl oy slacuje syl 058 Lo (slaol 2l
(VYN 5 VY WAV o (gl 5 (e (lojls) ol 0313 )15 598" )l 455 53 S b2 lee i 51 ) o
(YR YAD (03 bl @l ybo) ol 0390 485 VW VDA o5 4o Cames YD Jlo ,d by glosi o op 3T ol o
ol 0B IYAD VYR sla Sl (gl o8 joads calises sblie  jumes Glasuiv o oyl o> 53



A RRVON | PR FCHVIT SN VIRV L PN RVON IR 9- B X P TSI B R S A LN P N P

2 (Jls D610 5 JLo V¥ o5 o Jlo £ VL) il i slieg 55 Camar oj58 o o2l Jpoa
e g (JUo 50 (VL) il Cumen YA Jlo )3 wanl 1¥AD 5 VWA ola Jlo jd )] caliseo blio g o8 o
Dy oo 08lie b w8 bl ST > ialS pl .l adly jials 65 VY e 4 WY Jlo j3 a5 0dgs a5 AV FA G5
s 09)5 Cuzon ¢ blas ) .l aBl yialS 4555 B jebay liadle Cazes a5 F 5 ¥ Y ) gble 3 o
ol a8l ]33] gl yidn 0 JWo V¥ yj dw 09)5 puized 9 Jlo FO U VO

Bbli CSSE 4 08 0 Cumon Ll Y Jooa
Y0 . bl

VO-50 o O GYL \o-fo o5 S0 YL

AYNANS YAVIVY INARES Rt agivd ayy.\y AY+FA p_e g
YWOVFA F¥AA- \Y-YY VAV ¥ VYYAYA YAVYY \ dikio
\YAYah OY+YA Y¥YH VFORVY \FYYY YVAY Y dikio
YYYAQDL YAAYY AR \YOYAS \PYOON VOFY - Y ddlais
\YAOSY ¥EVAY AN YYADAY VYOYYY AYAY ¥ adais
aYFFY YVVEY yYavy INGAR INARES YeAA O dilaio
YFFYAA avana VoFeR VAFY-Q 24K VFVAA 5 dilais
YAYQ ADY - ¥YVs INARA! AR a¥.y Y ddlais
yasas ¥.a.0 \YAQ ayAy ary. WY A ddlais

WAD — WY 1l el 55 50 tauie

alllaad yg0 039150 F JSU

aazdly

29 LAl dd 4 pla8l VYD 5 WY o Lo Cuxes pB slaodhy Lulul p pols gl plol jslaiea

RO ERWIS OLis B ojlend S 53 a8 Cunl i 08 o 1D Mol Cumon @97 0950 5! d9>90



VEoT 5l O 5yloud VY 5,98 ¢ (530800 0 (51l Sa gy lono Yy

S a3l hls ) adate 054 3aed (535 po Bblie 4 am3 o0 (LI ITAD JLu 13 (8 0 gy paSLS Al
silo oy glpils Bbolin .Canl 1o (glacsls 5blo 4 5 lex 3Ll ©alen s 4 Yleinl ol ol i 55V
S s 03] SlSe Siumandsd (655058l gl | oyse slel s (65508 gy paSls gls A 5 V sble
Yoo opgd Fe o0 oohKan 5 S1) S o duslio |y ] o5 Sulunn 5 (S0 o o pdlie calid bl ol
L 50 bdlin classly g o il YU olihis asly 5 55 polie a5 5500 (Yo oF opsl 5 sl
ool o Sl Siuandgs g3 L5 ol sl oasablol YU alie ol
oy o0 40D & YA Jlo )3 08 s P Yb & Jl 0 oYU Cuxes 1y Global Moran's | Jsas oo b
Jade L Moran's Index .l (gyll cuenl )y il Cames @59 )b gre SKe slagSl dg3g oS
Jade sl Jlo cpl o laiells Cuxes ®i397 5 o b cute JlKe (glasSl dlool 4y Jsled sz ylis +,VOVYY
osllg o929 2> (olas bulyd > (Sl (glagSll pae 392 Sl LS (—ese 0+ VOF) o o S35 ) lLa] )90 (]9
(MAVYYAN) YU jlr Z jlitel il cilisen 3l 53 il Cunes @ o8 (51930 003l 35 (50 ++ ) o5
At plate s Lyl 51 (g lino sobots oxdosnlite (slagSll 48 S o 28T 55 (0o vnne) oS P e g
@il oS wlazsl ols e clagSl wB b 3 hielle Cumes ATR Jlo 3 85 a3 e Ui oo o

2y bl (S35 Ll i dgaps cas pakedan loladl g 5 58> wy

o8 8 50 dall Cumen ajs Cundy O JS

WA o 53 Jlo 50 YL Cumen olyge b bl 5155 aodls ¥ Jguo

Moran's Index 0.151307
Expected Index -0.000156
Variance 0.000003
Z-score 88.872391

p-value 0.000000




\AS RRVON | PR FCHVIT SN VIRV L PN RVON IR 9- B X P TSI B R S A LN P N P

Wl 5 Jlo 50 eV Cuman gl yge e (Siraddgs | Jols jlge5 & JSib

A Jlo 5 Jlo £8 (VL Cumer lyge (olab jlal ))55 aoMs F Joda

Moran's Index 0.231636
Expected Index -0.000095
Variance 0.000001
z-score 244.038019
p-value 0.000000

1A Jlo ) Jlo £8 (Vb Camer sl g e (Sinmoddgs 5| Juols Hlages Y S8

39 g0 0aalin AYAD Jlo )3 15 54 ;0 YU 4 Jlo 58 YL Cymen <y Global Moran's | Joas oo L

opl sl lialls Caes w595 50 Cute Sl slagSl dgag saimy Ll YYASYE Jlads L Moran's Index o
5 o b latalls Camen 3 Cute b 58l (S, s 5l Al SIS Sl 2525 4B Cute o
oSl D425 pac odiad Hlis a5 cunl (=0, v 0+ A0) yao a4 Koo ezl 3y00 lyge Hlade (opl  0gMe a3 o
P19 el Comer @95 3 (Ked 4 5 (et V) 05 sl ibly Ailiee (Bl bl > S
oSl 48 23S o ST 5 (ryeee e ) 05 Slows P laEe g (YFE,-¥AN) YU jloas Z 5Ll w3l o)Ll calises
G5 o ol (S 59 it ()lel cmnl b (321 58 pae Ll 51 laialles e 3 02018l SIS

S Sl g gy a5l & sl ol e SlagSIl Sl 08 14l ) el Curer g oS 30



VEoT 5l O 5yloud VY 5,98 ¢ (530800 0 (51l Sa gy lono re

Cuzex ¢l Global Moran's 1 Lls 51 170 5 WAr Jlo zbs dwlie b 0yl liiadle (S35 baylud deme
Jeley a8 ol oanlie [ laialle Cunan S1e slagSIl 5 (g holine (claglis od Had ;5 YU & Jlo 50 oYL
ol dgpcdie igladgs oSl &

O 45" )15 3939 (513 dme SlKe gl aS sy Lis - VOV Hlide L Moran's Index AYA- Jls s
01235 35 b8 el sl 4l o)Ll ol Capmen 13 S yite sl S g b (slailate (claog,S bl 4y ol
SlogS & 48 o 2S5 5 S P o 5 YL Z il sl e g5 5 atalle Camer s IS,
i pleie (Bolas bylud jl sadosalie

a5 BB o8l odims ylis a8 cuwl adl yiol3sl < YYVSYS Jlde L Moran's Index Y0 Jls s ¢ blie o
byl 4y s lacglas oS ol opl odiad Lis 35 WYY 5l e8P kel laiadle Cumes > SIS sla X!
Al )3 nae (olai

103,8 eis 08 e hizalls Camar IS (slasS e oo 3 45 35500 el dncglis () 4 g L
Gl i b gladlaie glaog S sbol 4 bl Ll Slis cul Sae VYA Jlw > Moran's Index il
il b Sl gl b S e

Sy s 15 s 5l L basgs oo A JSud

dypw g E15 ((1aS) Ol puds duy o

S o 6503l 1y by byl g el g 03,8 duolie 1) £l bls Julodgd j55 zulis 40Y 93 ygiad ol

90 s 3 blie o Shy o Cuodl maw ba ciiaind duslis b ¢ bls gl claayY yw bli)l 5 cals
(xS 1y 0 Ll (sl it er (lien (ol alasy 08 (Sl b) bl sl Lk o JlSe jsb £ b
(dgey gl jyite (Sl (o &) dgrd) LS oo

9 WA o Sl ;5 o8 s 4 Jlo £0 (YL cune> sl Global Hot Spot Analysis Comparison |
(Similarity calus jlide .cusl 0310¢ ) el Cunes (sbdlyie x355 1 (51 dme Ol s a8 42D o i VYA



Yo RRVON | PR FCHVIT SN VIRV L PN RVON IR 9- B X P TSI B R S A LN P N P

hot spot Ll>w 5l Juols S slasSI YA Jlo o & s o olis +,0F+V & ¥V0F l <\&5,l LValue)
hot 1S ¢ dluw > &l s by alises (sblsj 5 lacoglas oyl a5y glas WY Jlo slagSI L (g)ls dme yobods
g o bl cold spots 4 spots

Obe i S  Stuson 0223l ¢ 225 B lime 4+ YIA I il33l L Spatial Fuzzy Kappa jlaie
Cad WWAD Jlo 3 il Cumes Sl slagSl jo ks iol58) 51 lis Jalidl cpl.cusl hot Spot Juloo g
sl WA Lo &

i LS| 1550 b Capenl (il zokans ;3 HOL 9 COIA cladius &5 and o ()lis (cais0g,S (sl i elos
2yl oyl Slejoygd 93 50 el Cures (SIS Sl s 4y yol (pl &S5yl

Tobw b Sh 9 (olixe oy )d oo gl 3.5 Hot Spot Significance Level Pair Counts g
Tokw 50 WA+ 4 Cud WD Jlo 0 b Shg 5l (65YL doyd Dl o bl Iy J 95 o0 hOt SOt Caliseo
Sloadosly jasuis olxe lsisds hOt SPOt Cabises

WAB 5 WA ol Jlo ,3 Jlo £ YL Cumes (sl NOL SPOL (sladids 45 and o )l ol oo ey
sl 15 o 3 el Cunidg )3 Y5 Sibles e Slyss 5 039 glize

£l claas) 5000 gl O Jous

Similarity Value 0.5407

Expected Similarity Value 0.3256

Spatial Fuzzy Kappa 0.3189

Number of Non-Significant | 136 (2.00%)
Features

il ol & Jgde
categorical Weights Table Cold99% Cold95% Cold 90%  Not Significant Hot 90% Hot 95%  Hot 99%

Cold 99% 1.00 0.71 0.55 0.00 0.00 0.00 0.00
Cold 95% 0.71 1.00 0.78 0.00 0.00 0.00 0.00
Cold 90% 0.55 0.78 1.00 0.00 0.00 0.00 0.00
Not Significant 0.00 0.00 0.00 1.00 0.00 0.00 0.00
Hot 90% 0.00 0.00 0.00 0.00 1.00 0.78 0.55
Hot 95% 0.00 0.00 0.00 0.00 0.78 1.00 0.71
Hot 99% 0.00 0.00 0.00 0.00 0.55 0.71 1.00
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Hot Spot 2 Significance Level
Hot Spot 1 Significance Cold Cold Cold Not Significant  Hot Hot Hot

Level 99% 95% 90% 90% 95%  99%
Cold 99% 54.71 5.25 2.99 26.62 192 186 6.66
Cold 95% 39.22  2.50 0.71 23.35 392 481 2549
Cold 90% 17.03  0.00 0.00 17.47 524 830 51.97
Not Significant 0.75 0.27 0.21 7.31 161 322 86.62
Hot 90% 0.00 0.00 0.00 0.00 0.00 0.00 100.00
Hot 95% 0.00 0.00 0.00 0.00 0.00 0.00 100.00
Hot 99% 0.00 0.00 0.00 0.00 0.00 0.00 100.00
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