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Abstract

In recent decades, Yazd, one of Iran's major cities, has encountered spatial and demographic imbalances. This
trend has led to challenges, such as uneven and horizontal urban expansion. The aim of this study was to identify
the key components and driving forces behind the spatial imbalance in population distribution and explore their
relationship with the spatial structure of Yazd. The ultimate goal was to foster a balanced spatial distribution of
the population and an integrated urban-rural system within Yazd territory. Methodologically, this research was
applied in nature and utilized a mixed-methods approach, combining both qualitative and quantitative
techniques. Foresight methods were employed to identify the driving forces affecting population balance, while
genetic algorithms were used to model and optimize population distribution. The findings indicated that the
spatial distribution of service and functional centers, employment and activity hubs, and the overall spatial
structural pattern—particularly at the functional scale of urban areas—were the primary determinants
influencing population attraction and the patterns of spatial and demographic distribution in Yazd. The results
revealed: 1) an inverse relationship between the spatial distribution of barren lands and that of service-functional
centers and activity hubs; areas with fewer such centers tended to have a higher proportion of barren land; 2)
underutilization of land and diminished spatial dynamism in certain urban zones (specifically Zones B and C); 3)
uneven spatial distribution of service-functional centers and activity hubs combined with horizontal urban
growth had contributed to the spatial imbalance in the population distribution of Yazd.
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Introduction

Over the past two decades, urban growth in developed countries has been characterized by the emergence of
diverse suburban activity centers. These centers have directly competed with traditional urban areas by
decentralizing populations and activities, thereby transforming the spatial structure of contemporary urban
environments and fostering more dispersed, polycentric spatial patterns. Research on population spatial
structures indicates that the distribution of metropolitan populations is less balanced in developing countries
compared to their developed counterparts. This imbalance is particularly evident in the population distribution
systems of developing nations, such as Iran, over recent decades. Such imbalances have intensified rural-to-
urban migration and further entrenched centralization rather than promoting equilibrium. The extreme
concentration of job opportunities driven by centralized economic development has led to resource and capacity
accumulation in certain areas while leaving others with low population and development levels. To achieve a
more balanced spatial distribution of population within the rural and urban systems of Yazd Metropolis, it is
crucial to identify the driving factors that have contributed to these disparities. This involves examining the
relationships between these drivers and the city’s spatial structure, as well as assessing the potential for equitable
access to services, facilities, and social and economic infrastructure. Consequently, this study first investigated
the factors influencing changes in the spatial structure of population to understand the reasons behind the
imbalanced population density in both rural and urban areas of the metropolitan region of Yazd. This analysis
employed foresight methods. Following this, artificial intelligence was utilized to develop optimal strategies for
the redistribution and resettlement of the population in the identified suitable areas.

Materials & Methods

This study was applied in nature and employed a mixed-methods approach, incorporating both qualitative and
quantitative data. The research was conducted in two stages. In the first stage, a futuristic approach was adopted.
After reviewing the relevant theoretical foundations and upstream documents, an initial conceptual model was
developed. In-depth structured interviews were then conducted with a sample of selected individuals to assess
the validity of the proposed model and identify the driving forces influencing the spatial structure of the
population in the metropolitan area of Yazd. In the second stage, the factors with the most significant impact on
population changes within the spatial structure of Yazd were identified. The most likely scenario for optimal
conditions was modeled using genetic algorithms. This modeling aimed to determine the ideal balanced
population density for each neighborhood, district, and area of the city by redistributing activity and service
centers within these confines. The study area was the city of Yazd, Iran, which has a population of over 656,474
people according to the 2016 general census. As the most populous city in Yazd Province, Yazd is considered
one of the largest cities in Iran with 611,466 residents in urban areas and 45,007 in rural areas. Yazd City
comprises two central districts (Yazd City-Hamidia and Shahidieh) and Zarch District, which includes two rural
districts: Fajr and Fahraj, while Zarch District encompasses Allahabad and Mohammadabad.

Research Findings

The interviews conducted in this study were analyzed to identify the factors influencing changes in the spatial
structure of the population in the metropolitan area of Yazd. This analysis involved coding the responses using
key words and phrases in MAXQDA software. Due to the inadequate per capita value for each service and
activity center, the employed genetic algorithm was able to reduce the discrepancies in these values, thereby
balancing the distribution of these centers. To address the per capita shortages, barren and brownfield lands in
each area were utilized. At this stage of the research, the most optimal scenario (Scenario 3) was modeled by
focusing on the key factors of “spatial distribution of service and activity centers" and "spatial distribution of
workplaces". This modeling involved revising the per capita distribution of these centers at the neighborhood,
district, and area scales within the studied urban region. The genetic algorithm was employed to enhance
population balance with the optimization process following a bottom-up approach, starting from neighborhoods
and progressing to broader areas of the city. Overall, the genetic algorithm effectively minimized the differences
in per capita values, contributing to a more equitable distribution of service and activity centers.
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Discussion of Results & Conclusion

The findings revealed that the primary drivers of population attraction and the determinants of spatial and
demographic distribution patterns in Yazd were: (1) spatial distribution of service and functional centers, (2)
distribution of employment and activity hubs, and (3) overall spatial structure, particularly at the functional scale
of urban regions and the city as a whole. As of 1996 (1375 in the Iranian calendar), most of these centers were
concentrated in a single nucleus within Zones A2 (currently 136.5 hectares) and Al (currently 109.88 hectares),
reflecting the mono-centric and insular spatial structure of Yazd. Between 1996 and 2016 (1375 to 1395), some
centers relocated to Zone A3 (currently 84.61 hectares) and new centers also showed a tendency to concentrate
in this area. The polarity of Yazd City across the three regions (A1, A2, A3) was significantly higher compared
to Areas B and C, resulting in the formation of the spatial structure of a single-core island. In the land use
distribution pattern proposed by the genetic algorithm at the regional level, the highest concentration of land uses
was observed in Areas A2 and A3 (specifically A32, A21, A23, and A24), while Area B (notably B11) exhibited
the lowest share. This suggested a shortage of population attraction centers per capita in Areas Al and A2,
alongside a more favorable per capita distribution of these centers in Area B under the current conditions.

In the proposed land-use distribution model utilizing the genetic algorithm at the district level, the highest
concentration of land uses was found in Zones A2 and A3, while Zone C (C1) had the lowest share. This
indicated that enhancing the role of regional population-attracting centers in A2 and A3 could promote a more
balanced spatial distribution of the population. Overall, the findings illustrated an inverse relationship between
the spatial distribution of barren lands and the presence of service-functional centers and activity hubs: areas
with fewer such centers tended to have a higher proportion of barren land. Furthermore, the underutilization of
land and diminished spatial dynamism in specific urban zones (particularly Zones B and C) significantly
contributed to spatial imbalances in population distribution. However, the untapped potential of barren and
brownfield lands presented a valuable opportunity to allocate space for service-oriented and activity-based land
uses. The uneven distribution of service-functional centers and activity hubs coupled with unchecked horizontal
expansion further intensified spatial imbalance. Consequently, implementing restrictions on uncontrolled urban
sprawl—especially in the southern, southeastern, and western peripheries of Yazd—and advocating for an
endogenous development approach were crucial steps toward addressing spatial disproportionality. The results of
this study underscored the necessity of adopting a comprehensive strategy for urban land management and
spatial planning to effectively utilize existing resources and establish a balanced spatial structure for Yazd. This
approach may also be applicable to other cities with significant areas of barren and brownfield lands.
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Ol 55 Jolse 5 ol e osled

slacalo, s idsl Glag i ale (Dl e b Jolss 53 5150 Glas,e b s (54 olad slasll
&Lﬂdéww;j]m):g}).be.l‘ibﬂ}.ﬁQ‘)Jb}u@%ﬂ@\fbéu.hlﬁ.ij:f‘_sﬁJiZlAQl:Jlﬁ Q\)jb))‘)bélﬁ)ﬁ \
(Reiaetal.,, 2022) s, e 5,68 slajlzle s doles pls 4 Ll e

e sl o olad O5lgul da 5 4 Ll e (6t Sama A Ol U e e J o Sl o e s Y
(Rashid et al., 2023) .as &) wlie (55400 5 O &S Slej ek s 35

AU olas Dol e 5 53 sba Klg e b 23008 05,5 <N o0 5 Ld (s S il 33l
bl g d bl s olad 031l dan s 6l ole Olseas Lo (e ST e S IS0 10K | 6 ad e ST ST ¥
«(, Dadashpoor & Malekzadeh, 2020Hu et al., 2022) .l ous




VERE Y led QA by P Dl (i 5,0l 5 Wl 6

Sl 5 Jolgs 5 O s o ket
S slress s oladl alse IS Dolaie w558 1 Ll5 o 55 a2l Jlle s & JolSS | B Sl SO .
(Rashid et al., 2023; Zhang et al., 2023) ,i& st S5S ks
ST 5 oLl Ol o8t UG 5 Sladst 035y o jmws 53 (UGl Ay o 2 Ol 2 ol
(Lupala, 2021) st
=) el s e G Comer ol oo (S Ly g 5 350 0 (U Comar A 514 Wiy 4
) 55 sla s S5 Y (Peng et al., 2021; Salvati, 2020) cmax (215 S 0 53 s L ;
Lyu & Jiang, 2022; Gao) (s 4+ 515 » b - 5 (Kvasko, 2023, Mei-Lin et al., 2023 T
(etal., 2019
Lied Cmaz 3l ol Jale Sledst 5 JBadl S1he w558 |5 Jbadl Sl s v
.(Angel etal., 2016; Lv et al., 2021) Sl

e 5 plad I3l pde o Ll e 02 S5 g0l iy 53 Sk S 45 s e DL 3515e o
Sl ol 5 A gl o il Glaans plas jlotle oS S Ul e (S sba pd b e o
0,8 o e plab gladis ( olad jltla bag o ol olas el 515 (Garcia-Lopez et al., 2016)
£l s g 3OS glad ltle s o, Katir 30 Wlg e ol 5 Coman Ll s Sl ais dul oy oopl sl
.(Dadashpoor et al., 2023) .ib

@b Ll 3 o iSudal o )lod
s (3 Shas gduailen ($5lwaiog 1l ol 5 Blee Coner w5 5 o3 S Sl b g3
ol o s DU 5 Sladst 155 5 oy e @l (SSloing 5 o Comer Jlle = b (gSluaig
=05 3 IS glab las s sab 5l 6ok 05T Ll «( Liang & Wang, 2017; Dong et al., 2021) s
Sl 5 Sl o Sl 10 mmen il JV5 @m0 la) 58S 55 Comar Jolazs
ol gya9) CnSS b gslall sladsl g pnis gl o A s LS 5o g baw g bl s Gl 2T L
Comar pliab Jolss pie e b as sls g 200s .( Eckert & Kohler, 2014; Hussnain et al., 2020) ..l
(V) Jsdor 55 45 Ll SIS & 0O 355k 5 Somer IS Gl ) e DLl 5 el s 55405,

w‘o.uc)u‘u‘)udi‘)‘ffb




o Olasd ) e 5 51025 Lo ke Sn At bbb HEle 3 Comer Audols

Table 2. The policies and measures to cope with the population imbalance in metropolises

@b spaly g Calew

SIS ol

:L?gl‘b_stg_:M;,-JJ_:;SJ&})szwl;ﬂ%,::jcﬁlg.ggjbléﬁbjW:;ﬁ\;?pw};ﬁ\ﬁgdudjzﬁ‘wdﬁs
Long )cmu\;,J};L;LZSJJW\;{ﬁwghﬂ}&béﬁjuuﬂ‘whgﬁ)ubﬁéuﬁyuéwlwdﬁ@\zw
. Guetal., 2023et al., 2011

AT L s .:JSC)LS- S S sl <>}J6j‘ ©3b sl d sla g il 5 (g ed slalad jltle a5 L 5 5 VA0A JLe s
.(Hein, 2010, Ohashi et al., 2022) 5 5 755 15 oy b5 5081y 5 labiir o S (58 IS5 58 5

S5

1S e (655480 2 Go o3l 1 ek (5 e Ailate e Arw 5 (Oles Ole 5305 S slaml 1) e gla g 10 ol e AW L s
GS 5 ALS i S L Son s g S ol B0 b e 53 1447 Il s (Birch, 1996) sls Uyl S s
A8 sl (S005 crdS s 8l b SU s jhases 5 Aiso Wl 1 e S o )L 1 aliasl U5 S a1 (g pe 5 S oS o

(McPhearson, 2011)

Sozss

S st At 4 g5 83 dowe 1 (L2 e 5 diikm $5:8) SO 2l Ui 5 A8 e idor 6 5 (545 A ) e el V40 L s
idas Sl (555 e glalidd oy g b sl 18 Opchn SGU AT (e b i 3 A (SO e sla0ly 3 shisel s 23l G
(Desponds & Auclair, 2016) s asls eess Ghla 5 4 sl 545 Sde

S ae3310 Bl wS g sba s Jlasl () smmn di a8 damn i OF sl 5 A2 axlIS LS (G500l 53 58 alldonte (slajlts (5,65 dam s
(Desponds & Auclair, 2016) as el Jlo V2 B A o 2 b a5 (gl (6 e At 55 o Findy 5 Aady (i 1) 3058 Comer

ook

52 ablie 58 5 Laasl S (3lasl 6l 1 68 5 ol (Somalp OB 5 i sdme OISl 056 Ly » s VALY 51480 sladle s
(Flinn, 2011) =5 3 s s el )5 plal gl 1y olaa 8KaS e 35 155 O

3 Sl lo ity G Juoe DA Bas s 55 L i la e a5 5 e 655 e Alate 25 Sl el 28 S
4 Bt s 53 o 305 SIS ) e 5 S0l ek e SIS bl DL sl 3 sed S (sl S 0 b de
(Rode, 2017) 5, K K5 55 o skl Jdo b A ol (5 0 slade sazms

o

05 el slanl (gl slad (65 5ael 5 (gl calisen (glae 95 5 La 208 Ol o s iawlw o)y

c,_rm.?J;l_ajjdj_:Sg;.P,-):L;jU:.aLgLa)liab‘wcjiyl:q.a)yja);é.u;@oudcw@jj

i Ol g o Ly el & 1 Cilien (slae 55 55 (e Olssanl s 5 s LIl 5 el ool ol 3l

:w‘uMOJJjT(V)J‘)J?JQASJ;ML;LS&L&JL;M;

Cpnnzr cidudsla gl Ol el IS slacalow 5 bl o(F) Jsas
Table 3. General methods and policies adopted for the balancing of population

Lowbu 5 b, K0, oyl

(Liuetal., 2022; Immel, 2020) _zrex 5 olas giloSKales Tl Gl 5 Cama J S (6l (s ad s esmalp slid Jlad 6 |

LS 5 ez ol 4 S (5 et ol LS Gl oledl SlaS d il 5 (5 e Camar 03 SO e gl Ll (56 bl sl ;
(Xie etal., 2023) us o SuS Comer (S15

S5S m bagdoma Sl sl 4 Gl (6550 4 sl mbes JWE1 5 SUL At Ll 5 sl Ge bl e Ol Cibla Gl s B 5 g o v
(Chenetal., 2021) =

(WU & Mei, 2022) o s 5 o goe DUl 3500 3 b3l 25 S0 (K00 I 5 Camer Szl 4 053 5 (S5 slasslilend 20530 ¢

(Wu & Mei, 2022; Rastegari & Saraei, 2016) o 35 53 ol 5 e J xS 0

; Immel, 2020; Ma et al., 2018) ¢ L) sz Lal (sla g 4 Lo Comesr 3555 S sen 5 a3 gbome bl (5l placln S .
(Gao et al., 2019; Zhang et al., 2021




VERE Y led QA by P Dl (i 5,0l 5 Wl

A

5 OIS Ciln S s o OLLS 1) Cama J 28 SllBl 5 (6 e s oael p slas Sy sl nul

3 Smmar pd5 3 el pds an by e e laptlr b abilie ol Oles sk 5o (668 Ol saeli

L = Q‘ﬁjubf LCJ_J.A Lsub;.!‘j) U_i\)‘ abL&w‘LJ;‘wﬁjb)b g)f &LQJ.@JJJ L;_Laﬁ LSJ'LJML’j"
A e C..wb_ S sk Carax sl 4 S Wl ,:Jf.u)-&uj;)l.x:g Gdolate (6 s salaswe sl

:.H}ji ‘.’ :.”:

)‘_QJ.@_.LUM&LALﬁhﬂﬁ)\.b-[.w)Wtyyjdsvbhvk&uﬂgﬁ)w)jmﬁdu&é‘}}Md|)b

el 0 03551 Jmd s gsoe bl m slaiass ol F o () Jadar 5o LIy S 50 (5 4

o5 At (1) Jsax

Table 4. A review of the literature

& S wont ISTR PSS SRR Ol ge 08 ks 5 s,
Cﬁ)yzwuw)uj@uélfulﬂ | bl s s s Coner g 2
/ e
03 Sy plagl 5 S35 | T S e s sdees 4im <L . | Lee &
. 0 .. r/ . S S SoE O SE TSR S Guldmann, )
Cdlvs 155 e (S s o S 0553 gdoms S0 celas ol gsledae s S, S5 s | 2023
das EalS ) S5 s s Ll sas b ’
9SGl Lalyls <= GA-ABM J.. L o b w55 G5 83l
Ll s Sl 50 Comexr 058 St TN S5 oS Jele pgme Jle S5 | Lai et al, ;
))éj.é_&d‘j—i)‘\_nbfﬂ\._vw\_vl);d_aj o .a:\:d)’\sj 2023
S KaS wlalST L;LAL;JSM
o I i o S | e ] e Srar Sk SO uis
LSS . O Comerr eyl )
ol e pele S U ety e | VANG & v
S el zi adlae Homma, 2023
6)4-&0%&“)3 gfil'w LL;J)‘&_A:&A}MJ ) < . .L.:) 6@‘)_5-*-5‘;_ ZJPB.'
s e 5 ol < Sasls s AU Sl s ) ' Reia et al, ,
[ | od=le .
T “ el o g | 2022
RGN Cora .Li) ;;“’\ L},«L&
RRTCIWY wl;&ﬁau&lyamyr:f TGN IO O T3 U] WV-L Ip5 | WPV
ol S5l Camar 5 SIS L aea 5 51 o s o S a8 a3 Jled '2-(');2 et al, !
g Gy Ses bl 4
(WSS P ti)}i BE db@.—fk&l LSLAQS/}{) 33 :L*) C,_gél.' faz d_}l-w& .. |
el c. . Bao et al,
PR b Gl S L alie s T N L G52 el b2 | 500 v
S Voownr. Y
Olyear b glad sllu sla g SKeal
5 Ol5ls Sy Vs et plad el ) Lt oo Ay gl e
. s . | S s Potapenko, R
Lol e g =24 LS\J'.’ 5 el LS)SJ‘& }_.lz_y* ) ulal__ij 5 sl gladus 2022

s bl e S150 e cilie bl s

A9

col o yal5 (glaesls




wv Olasd ) e 5 51025 Lo ke Sn At bbb HEle 3 Comer Audols

S 7S 4ot $oI50 K ged SR Olge O kg 6 &3,

5 T . - .- Crar l)J n)): L}._l‘l_w __'K.A
2 Pt S e o515 0 e 53l VS 7T Shao & 0
SRS = Léﬁ—ﬁng&m?' Jales r.)& U’“L"”‘J" Wang, 2022

335 Al G sl S ) gl (ST

9 u.i_M.o—Jx_Nl d:L’G J@-":' 392 QL:._M‘J

3 S pldd Sl oS i Jola | Gl 5 0 | G sl i 5l s 48 alas slastle | Huang et al.,

Y
8 e 56 T scs, sls S e e S o 2020
. . T, c . DS e olL2b A o S felse
J)v_:x«e-tufﬂduﬂb EL))‘).\.ALY Axw 4 —m_q-—&_..:;.- o t’ L}A Wang & -
T c e S g BONS
.;)15 f_ifl’-'_&:‘i‘? dalae T T ST s Chen, 2018

5ol od s L g p LUK Al 4 s gl 3 e 5 plad Jslas pde oS das o 0L Dlalllas e

L Lo ODLS s alies sl Il nlly slon 5T (55 0550 ol o3 ooy s axdlle & (6 ,mi O iy T,
Olalllas 3 ilos sy gpamgy s 0l b 2l e e (2la) 58S 00 5 Sl Jatear Sk Glalomer
Ll sl ins i 00 aS Jlos clilandls S i b el plad 5 e ol pde Jlo 55815 asdS
03 Cmmer I3lsts a5 fhe slaculw 5 Lasaly 1) 555 58 500 olad slaggsludae Sleslan
b e Jsls b5 5 wlaals AST Comar 5 ot w55 o Bl o WL b ragsy LlesliS b g20008
s U nlite 5 a3 (sl sy - Blatdls Comar 3l ol Jalps 51 S Olgisa Jad olite 35
J=e = 5 S S SR S il Gt Wl lilanils (Lo 5 o 55 gl & GRS
5> Olalae ) Il silos sl s 555 Rty oy 53 cilie glagn; SN Sl eslinad b (s3ladis
ol s i Sldlas il s ol 4 S plrl 4o onl 53 (6 ReS Lo ia s & Aas e OLES O ol 528

NG PP ) oaLae o..:,;-ud:l.d

SRIF Iy g 835l
a2 5l oS 5 gl s b e 53 baesls gl (688 Bld 4 5 (90 )8 G L1 i ol
bl 5 6 Sl hallas 5l ey e sedil 5,05 b has Il A e 5o il e 3 Sls ias
S e gbad Skl IS 3L bl iy 2l el 5 0T G35 sl sl nsgde Jdo B 5 sl 3
Sl 0 S w a Selrl glaalias aalsl 53 5 3 S planil O 0 L glanil bt b 5 Gras glaalias 5
Olgsany L3551 s a1y Sliel o i &S SOy Calgns 5 A8 (SIS (IS a e s o) 5 1558 oS
sy OB IS oS i slues s Ol 55 d e plad jltle 5 Jhe S slaol i
i g a5 plad jltla diag 5o 4l 5 Jlad O 1t 5 sl s 8 Ol e o 51 B pad S

Lo gazes 48 i bl (68 s onelp 5 Wl psle 5 mliioman olasl (g4 ol laas,




VERE Y led QA by P Dl (i 5,0l 5 Wl "

SV B s 5 o3 S el il 5 ) sa o 55 an cad Sl glaaslias sy 8 T
D e 31 ey 4alsl 3 il s (5,055 L3l oS L aalsl b B IS ol 3 0 e |
G o iyl 5 Gy ga= dxl e 3o bl anl i s a0l iy a0 by e Sladil8 5s O asin 5 W0l iy
5oV S Sl ey s 5 0l alas LadT LS &5 23 8 13 S, el s oS S
5 oS el i
o oo 5 3 SRSy o Ol (S U 5 6y ST Ol e sl Al ey 55 B
Sl Ol5n e o33 Al i a5 58 5 Bds sl ol eSS OB o baw g 5 LSS YYYY s 5k
2 03,551 s 5 Caald ol Ol et e Bab i w3 3l B el 035 a0l 2y 51 S
5o B0 Ly 2 800 50 Ol 8 Sl sl iyl 53 el a5 1oy 51 S50 4 bsy e plasrd
Sl Y LY 5L @8 51,5 beabd e ot SO Skl e Solgine 5 b iy xS fate e

el s (V) Jge 3l plaorl st (A8 a8 8 iy oy Aol iy 4 a3 Lnel

(Xx2)+ (XD +(C.x0)+(C.x=1D+(.x=2) 2

o8 was c.«li JS slass

3 A 5 L0l 51 S el pde 5 el Ol Sl sl b plazl st La ls gad 055 al> e o

53 s Dl (SIS SLa0l g 015 42 i3 g et 5 Cnlsd Dl o ks Sl oS Ol o5 o
W ool (sl (Sl 5 SaSin D3l 5 5l gl Gl 055 5 WOy o SBLI) ) Gl s i
e St San Sl gy oS b LSl 5 Jates (5l s 3 b 03lial 3155 st 13 5 Sl
b (el bt 0 (2lad Sl 53 Comer DledS p Sde IS LA O patiie Sl ey 2
i 53 83, See 5 Lt Glai LS 5 s 5 S SThe w353k b (gilede S5 o) S5l eslinad L
sddoslinal o) S5 gh asiie 63 gdome 8 (5l Comerr oS1 5 g Sl 0y g bl 5 ol (D e
sl Sd s (g3l 8l wlanan b e (S 1S el 03 g b ST S S iy cnl o
it b Glan ) S G das e o3l Ol 4 5 (Kurennov et al, 2022) S o oslinal (g5luags slap, S
3leslg 1y 4 iy gl ; 5801 o ol Sl cSS (3l gl oy Sl s a5 1 0dd 3 5
s (Rathomi & Pulungan, 2018) S slaw! —iolesl Cilese Slawis S L doas o OISl OIS 4 5 LS e
bri L G mlb 6 sl a5 3lasingy -8 il a5 Labmn bl 1 oo 325 (sl s
v (amar w35 Siloting &l 2 s S Lo ys gl (Lietal, 2022) ol (giluang Sl Cussdoe 5 (5 0l 00
A 65U e sl 3 datens LSLl B (5,8 5 L a5 K5 o580 ol V810
o=l s ales sy b g Sleds glap s 5 ST @jf"jl{ Gkl eddanlllas 83 gdoee glab Hltle )3 oS e

‘(\\”QO gj‘i-""‘u‘“)—‘b)d")_‘“‘p 6)[»._«;1]« wt—»\-ﬂ‘j W)st‘; GJ)J ;fu JAL:' r)‘yébﬁcb‘.’ ‘J:q‘ de



4

Olrddy opmies 9 319, Lo ple

2 A pldd Sl 5o Comer aSudale

)(JLIKAA_:&L.M) 6.5)_{1‘“9‘5&&& Lgud}alsc“)}:ch(JLﬁAMQW)QM)JS;Ua @)}3 Sfé
‘)J)C,\_m‘e.’\_ﬁ:c‘fﬁ_m‘d\ﬁ‘)buxmﬂwjbj&W&)Mﬂccb-cjbjMcjb)‘ﬁl;&&b‘:b‘ﬂ

sl o 03551 (V) IS8 55 gl ol i i, asls!

: | Y- [ty ; Sl s sl 5 Sloas ST ; -
blie o cdld g 15 590 0 4l i bl o b, 5 Sleas e ail o ol i
140 1400
120 1200
! 100 31000
1 ;
+ ® 8 4l Logn
580 yr 800
r g L 5wyt
R e T 600 ¥ aihace
0 g 3 4l 400 @ »
= 5 el (@] B 5 e
20 200 5 :
& € & { ®
o 0 © L -
137 1380 1385 1390 1395 1375 1380 1385 1390 1395
gL L
- 15 ol , 5.0 a3 - 5
\_;;Q_M; c.\a_.\y_a J..: e U_; B ] _,‘-.'.L? e 4_1‘).\.\) _;|Jw_:._
30 GO0
500
.60
% 400
?». st ® eI
: 40 ) aeadlaa A, 300 o alara
- PEIPLIRH J s sl
4 -
i} 200
= [ agaale
20 @ L @
= @ PVRTIES 100 @ = @ L
& ) @ 1] ® @
0 0 © @
1375 1380 1385 1390 1395 1375 1380 1385 1390 1395
Ju Je

d:..ﬂ.)u.@.dC..ﬁ))ﬁ*i)}QAU))UJLAJ;-JS\JA)QMJJLS;‘JA‘J:”LL;;\)\L\fﬂ¢wr§\jsda'\ﬂ_w’.bj)(\)Ji.::

Figure 1. The trend of change in the population density, per capita barren land, activity centers, and service and
welfare centers in the metropolitan area of Yazd (Source: ArmanShahr Consulting Engineers in Architecture and
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Table 5. The surface areas of the barren lands and brown lands in the districts of Yazd City (Source: Armanshahr

Consulting Engineers in Architecture and Urban Planning, 2017)
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Figure 2. The process of implementing the single-objective genetic algorithm
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Figure 3. The studied region
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Table 6. The codes and subcodes for the factors derived through the qualitative content analysis of the interviews
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Table 7. The results obtained from the three research questionnaires
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Figure 4. The diagram of the consensus index for the driving forces
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Figure 6. Intensity of the actual and potential affectability and effects of the driving forces on one another
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Figure 7. The first stage of optimizing the distribution of service and activity centers at the neighborhood level in
the horizon of 2036 (in hectares)
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Figure 8. The second stage of optimizing the distribution of service and activity centers at the level of districts in
the horizon of 2036 (in hectares)
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areas for the horizon of 2036 (in hectares)
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