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i without proper planning and consideration of the existing context, unmanaged city growth
i can cause direct and indirect harm to the urban environment, with citizens and resources
being the primary victims and potential future heritage. Iranian cities have also contributed
ito this global experience based on many variables, such as demographic, social, and
i economic movements. In the meantime, the historical city of Yazd, as a precious legacy
i of its predecessors, has experienced a coherent and sustainable form of development
gby relying on creativity and initiative. The physical structure has been transformed into
i different types in the last few decades. Continuing this situation not only disrupts the city’s
i physical cohesion but also exacerbates the economic, social, and legal issues. Therefore,
ithe present research seeks to answer whether the findings of different models in the
i analysis of the physical development pattern in Yazd City yield a unified result or deviate
%from one another.

ETHODS: The current research is an applied research in terms of purpose and adopts
: a descriptive-analytical approach. The data and information required for analysis in
i the research have been collected through bibliographic and field studies. Alighed with the
i research objectives, the study employs quantitative analytical models, namely Shannon
%entropy, Heldren, Moran’s coefficient, and a comparison of filled and empty urban land.
i Additionally, multi-time satellite images have been incorporated to analyze the data and
{investigate the physical development pattern of the city.

INDINGS: In this research, various quantitative analytical models such as Shannon’s

entropy (2006-2021), Heldren’s (1996-2016), Moran’s coefficient (2006-2016),
i comparison of full and empty urban land (1398) and multi-temporal satellite images in the
i period 1990-2000-2013 and 2021 have been used to study the physical development pattern
i of the city. The results of the study of the city’s physical development using multi-temporal
i satellite images in 1990-2000-2013-2021 indicate a 71.46% growth of the city during these
§31 years. Contrasting Shannon’s entropy model between 1385 and 1400 reveals the city’s
gdispersed growth over the 15-year period. In accordance with Heldron’s model, using 1345
i as the starting point and 2016 as the endpoint, it is observed that 59% of the overall physical
i development or city size increase is attributed to population growth, while the remaining
£41% is linked to the scattered development of the city. The findings from the comparison
%of Moran’s coefficient in 2006 and 2016 indicate a shift in the spatial distribution pattern
i of Yazd city’s population density, transitioning from a random pattern to a scattered one.
i Additionally, when evaluating the ratio of dense tissue area to the total city size in Yazd
! (coefficient 0.015), the comparison reveals that the growth rate of the city area corresponds
proportionally to the growth rate of the population during the specified period.
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ONCLUSION: The results of all these methods indicate that the city of Yazd experiences
scattered and unbalanced physical development. According to the results of the study,
i Yazd City is located in an area where the town’s per capita services and facilities are high,
i with a large volume of services that can serve twice its population. Examining the results,
{ it becomes evident that in Yazd City, the speed of inactive urban levels increases in favor
of the active groups as one moves from the central area to the surrounding regions. These
i functional levels not only exhibit significant potential for internal development but also
i present a viable option to prevent the sprawling expansion of the city.

{ HIGHLIGHTS:

i - Simultaneous use of several quantitative methods in analyzing the pattern of physical
development in Yazd and comparing their results with each other for reliability.

i - Explaining the critical and unfavorable situation of the physical development model of
i Yazd city

i - The city of Yazd, despite the share of 33% of vacant lands in the city in the period 1990-
2021 has grown by 71.46% and has experienced sporadic physical development.
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Table 1. The background of the researches carried out in the field of urban physical development

Title Researcher Year Results

1 Investigating the Abedini, 2012 The results show that the process of growth and expansion of Urmia

physical expansion of Musibzadeh and city in the last three decades has fueled instabilities and has not been
Urmia city using Shokrani proportionate to the population needs of the city; So that 69.9% of
quantitative models the city's growth was due to the increase in population and 30.1%
was due to the spiral and unbalanced expansion of the city, which
is beyond the population's needs. This lack of appropriateness has
led to encroachment on the fertile agricultural lands around the city.
Thus, the protection of natural fertile lands and its preservation,
adopting appropriate approaches to deal with this process and
moving towards urban integration and compactness seem

necessary.

2 Investigating factors ~ Rabbani, Rahnoma & 2016 The results of the dispersion analysis of Mashhad city between 1380
affecting urban sprawl Shafaghi and 1390 based on Heldren's model indicate that only 34% was due
in Mashhad metropolis to population growth and 66% of the city's growth was due to

horizontal growth. Also, the variables of personal vehicles, the
volume of daily vehicle trips, land prices, population growth,
natural population increase and the number of immigrants, have led
to the formation and growth of the phenomenon of dispersion in the
metropolis of Mashhad.

3 Analyzing the physical Shamai et al. 2018 The results showed that at the level of agricultural land prediction
development process of models, the most important and the most important factor changed
the city and presenting in the process of physical expansion of Ahvaz city was also by
its appropriate strategic comparing the map resulting from physical expansion in 2009 and

model (case study: the output map of physical expansion stratification in this research,
Ahvaz city) it was determined that the direction of physical expansion of Ahvaz
metropolis is not in accordance with the comprehensive plan

approved in 2009.

4 Analysis of Urban Onuoha & Odemerho 2018 The results of survey studies from 1990 to 2015 show that land
Growth Patterns in cover classes have been accompanied by major changes in
Edwardsville/Glen urban/built and agricultural/grassland. Also, the calculation of the

Carbon, Illinois, Using landscape expansion index for each studied period shows that the
Remote Sensing, external growth type is the dominant pattern.
Population Change
Data, and the
Landscape Expansion
Index
5 Spatial and temporal Deribew 2020 The findings show that the average entropy index has increased

analysis of urban
growth in forest and
agricultural land using
spatial techniques and
Shannon's entropy
method in the satellite
city of Ethiopia, the
western outskirts of
Addis Ababa.
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from 0.02 in 1986 to 0.996 in 2019, which indicates more dispersed
urban growth. Also, more than 90.2 percent of forest losses are
caused by agricultural encroachment, expansion of built-up areas,
and extensive construction. It is also expected that the process of
deforestation and continuous evacuation of agricultural
communities in the peri-urban areas for the purpose of investment
and infrastructural development will continue in the future, unless
revision and strong management measures are adopted.
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Fig. 2. Location of Yazd city in the province, city and
country
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Fig. 3. Map of Yazd city limits and boundaries
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Table 2. Calculation of the entropy value of the three areas of Yazd city in 2015

Row Area (Hectares ) P; log.(P;) P;log.(P;)
1 1982.63 0.19564 1.6315- 0.31918-
2 4250.8 0.41945 0.8688- 0.36442-
3 3900.87 0.38492 0.9547- 0.36749-

Total 10134.3 Z P =1 P,LN(P) =1 1.05109-

HN (2015) = 1.05109
Table 3. Calculation of the entropy value of three areas of Yazd city in 2018

Row Area (Hectares ) P; log.(P;) P;log.(P;)
1 2450 0.22710 1.4823- 0.33665-
2 2088 0.19355 1.6422- 0.31785-
3 2677 0.24815 1.3937- 0.34585-
4 2288 0.21209 1.5508- 0.32890-
5 1285 0.11911 2.1277- 0.25344-

Total 10788 P.LN(P) =1 1.58268-

ZP,=1

HN (2018) = 1.58268



33 365 M drwgi 599 o oo

YEP—YFS oo /¥ 0 e - 1F 0499 . 1F+Y csbims g s

o li izmen Cwlai il 1) (gums,0 £0,AY 0l
Ay aals \YPO-IYYO0 o5l 5o 3 e Ol s
§ Sz Gl L Slo a S el gao,e Y0 Y
ol Ol 1o o Jlw (b o (oSS58 an g

IR le (G S Ay (o m ol

S 9—0 (_guo)g\) 9 O— ).Q‘_w T W 9 Sz
s az>g b jleline g 658 Ko ols 5 (o)
i 50 ol e (R?=0.9831) Sian oy
PRSI, JCICS EWOSCHRI BN IR < PR S L R N
. . ‘ - "\) (5‘ I )'LA J—}b \A—kﬂ.’) . " : - . .

Croz G (a5 ) aaly () p imen
SWWED sl o b ojm 4 iz STy g
Cmaz i l38l L oo o s (0 JSi) VY0
Cmpd dazy Ly aS Conloa s a5 T o515
oot Sy b g cl 18 psie 90 ol b
ool 38 ol g eals slowl wsas slajls e ojla]
el 00g—oi b |y sa o slalad Lajls

s byye ol oo )0 0% Coy AlBl L
dnsgi amy bgye Tamo;o BV g o Cmar 0
alS s a S il o e 88l g 00 ST,
i3 B Wy Bl pnar (a5 o S
AR A9y 9 (B S Cled 0 g
= A D e (S Al Aoy FY g il cog
Mz (o pita 51 o a Sl o Al 1
Oyde a5 ol Al O yao (6 i e i3

aial oo 00iSTy a1, ]

A 53 e oS (HeP e S F o

Ay 0 bl e YWAONYED LIl b ooy
sl Jlw Lrla 30 Ao, 7,01 dga 05 e Al
‘_;‘)_3 dd—< u_>‘ as 6‘4—;; A 09— 1YA0-1\YF0
039 do ;0 V,0F g0 > ;5536 Sy ol o Cnax
g adlior Colwo ab) Ey 0 g Cmer 0 £
Ay s Crez 5l oo yolp 90 390> Cle
= =28l o 5l ol slasl ol as el a sl
VWPO-VYAD o5l o cole &l s oz ls ol

Table 4. Evolution of population, built surfaces and urban density of Yazd during the years 1966-2016

Row Year Area Population Percentage of area Percentage of Population
(Hectares ) changes population changes density
(Percentage) (Percentage)
1 1966 710 93241 - - 131.33
2 1976 1157 135925 38.63 31.4 117.48
3 1986 3400 230483 65.97 41.03 67.79
4 1996 8550 326776 60.23 29.47 38.22
5 2006 13388.7 461743 36.14 29.23 34.49
6 2016 13640 529673 1.18 12.82 38.83
Consulting Engineers of Arena, 2016; Yazd Housing Population Census, 2015
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Fig. 4. Regression relationship between the population
and the built levels of Yazd city during the years 1996-
2016

Jbw 50 03 8 Gblie ez o515 (90 i 22
ARC GIS10.3 l;8ls 5 5l solizl L \YR0 5 VYA
mali VSIS 0 a8 il 41,5 5 bl 0y

ol s ools s )l

Random clustered

. ! N
< T T T
1 ) a1

Sprawl

Fig. 6. Different situations in Moran’s index

Fig. 5. Relationship between population and population
density of Yazd city during the years 1996-2016
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Fig. 9. Status of land with development potential of
Yazd city
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Fig. 7. Comparison of Moran’s index of population
density of Yazd city in 2006-2016
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Fig. 8. Calculation of Moran’s index of the population
density of Yazd city in the years 2015-2015
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Table 5. Characteristics of the area, population and population density of the areas of Yazd city

Row Yazd city areas Area Population Population density Ratio of built to Land area with
(Hectares) (people per empty space dev?lopment
hectare) potential (x>=500)
1 Region one 2450 114330 46.66 0.68 789.74
2 Region two 2088 112800 54.023 0.72 609.51
3 Region three 2677 87964 32.86 0.70 858.94
4 Region four 2228 131725 59.12 0.69 705.66
5 Historic area 1285 68840 53.57 0.91 76.41

Organization Fava municipality Yazd, 2018
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Table 6. Specifications of satellite images

Row The date of the picture Satellite Gauge Separation power in meters The number of bands
1 AD 1990 Landsat-5 ™ meters 30 7
2 AD 2000 Landsat-5 ™ meters 30 7
3 AD 2013 Landsat-8 OLI meters 30 11
4 AD 2021 Landsat-8 OLI meters 30 11

Fig. 10. Production stages of the multi-temporal physical development map of Yazd city in the period 1990-2021
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Fig. 11. Multi-term development of Yazd city in the period 1990-2021
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3. Smart Growth

4. Shannon Entropy

5. Heldron Model

6. Moran Index

7. Normalized Difference Vegetation Index
8. Normalized Difference Built-up Index
9. Support Vector Machines

10. Decision Tree
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