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Urban sprawl is one of the major challenges facing medium-sized cities in Iran, with
direct implications for spatial efficiency, accessibility patterns, and environmental
sustainability. Khoy, as one of the most populous cities in West Azerbaijan Province, has
experienced horizontal expansion, increasing land consumption, and declining spatial
cohesion in recent years. The aim of this study is to assess the level of urban sprawl in
Khoy based on smart growth density criteria and to identify the relative contribution of
influencing factors. This research is applied in purpose and descriptive—analytical in
nature, adopting a mixed qualitative—quantitative approach. In the first stage, spatial—
temporal analysis of land-use maps across multiple time periods was conducted to verify
the existence and spatial pattern of urban sprawl in Khoy. In the next stage, ten key
components within five analytical dimensions were identified and weighted using the
Best-Worst Method (BWM) based on the judgments of 18 experts in urban planning,
environmental studies, and transportation. The weighting results indicate that access to
services (weight= 0.18), population density (weight= 0.15), and land-use diversity
(weight= 0.13) are the most influential factors explaining urban sprawl in Khoy.
Subsequently, the actual values of the indicators at the city scale were normalized and
integrated with the derived weights. The final urban sprawl index was calculated as 0.571,
indicating that Khoy is positioned at a moderate to relatively high level of urban sprawl.
The findings reveal that Khoy’s spatial structure is influenced more by density patterns,
land-use distribution, and accessibility than by environmental consequences alone.
Accordingly, promoting infill development, enhancing spatial cohesion, and targeted
regeneration of inefficient urban fabrics can play a significant role in mitigating urban
sprawl in the city of Khoy.
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Introduction

In recent decades, cities around the world have encountered a phenomenon known as “urban sprawl,”
which refers to the horizontal, decentralized, and low-density expansion of cities into peripheral areas.
This type of development, often characterized by a lack of spatial coherence and effective planning, has
led to extensive economic, social, and environmental consequences and has become one of the primary
challenges in urban management and planning on a global scale. Urban sprawl results in increased land
consumption, destruction of agricultural and natural lands, heightened dependence on personal vehicles,
rising infrastructure and service costs, and ultimately a decline in residents’ quality of life. Many cities
worldwide, especially in developing countries, face this undesirable pattern of urban expansion due to
rapid population growth, rural-urban migration, and weak development control systems. In Iran,
urbanization trends combined with weak policies governing development have led to unbalanced growth
patterns in many cities. Horizontal city expansion, low-density development on the outskirts, and
divergence from inward development policies are among the outcomes of this process. Among these,
Khoy city, as a significant city in West Azerbaijan province, exhibits signs of urban sprawl due to its
geographical location, demographic characteristics, and functional role. Its physical expansion in recent
years, particularly in peripheral areas, has often occurred at low density and in a disjointed manner,
exerting increasing pressure on infrastructure, access networks, urban services, and land resources.

Material and Methods

Initially, to identify the presence and nature of urban sprawl, land use maps of Khoy city were prepared
for four time points 2007, 2020, 2023, and 2025 using satellite imagery. These maps were processed in
ArcGIS software for comparative analysis. This analysis enabled the recognition of the general spatial
growth pattern, including horizontal expansion, spatial discontinuity, and scattered patch development,
serving as spatial evidence for subsequent research stages. After confirming the spatial—physical
existence of urban sprawl, related components and indicators were extracted through scientific literature
review and expert opinion. The research population comprised specialists in urban planning,
environmental sciences, transportation, and urban management in Khoy city, selected purposefully
(expert-based sampling). In the weighting phase, 18 experts with postgraduate education and relevant
experience participated. To determine the relative importance of the indicators and prioritize them, the
Best-Worst Method (BWM) was employed due to its lower comparison requirements and higher
accuracy. Ultimately, by integrating the weights obtained from BWM with the normalized sub-indicator
values, a final urban sprawl index for Khoy city was calculated, providing a basis for interpreting the
current urban growth pattern and suggesting policy and management solutions. Figure 1 illustrates the
process of identifying criteria, selecting best and worst criteria, pairwise comparisons, and calculating
final weights using the BWM method, culminating in the derivation of the city’s final urban sprawl
index.

Results

A comparative analysis of land-use maps of the city of Khoy in four time periods (2007, 2020, 2023,
and 2025) indicates that the city’s physical expansion pattern has shifted from a relatively compact
structure to a horizontal, discontinuous, and scattered form. This change has occurred gradually yet
consistently, reflecting the emergence and consolidation of urban sprawl in the spatial structure of Khoy.
In 2007, built-up areas were mainly concentrated in the city center, and physical development around
the city appeared limited and relatively continuous. During this period, a clear boundary could still be
distinguished between the urban fabric and surrounding lands, and detached development patches in the
outskirts were not significantly widespread. By 2020, a noticeable shift had occurred in the urban
development pattern. Expansion of built-up areas intensified toward the city’s periphery, and
discontinuous development patches emerged along the outskirts and transportation corridors. This
represents the initial decline of spatial cohesion and a clear transition toward horizontal and scattered
development. In 2023, this trend accelerated further. An increase in built-up areas outside the central
core, penetration into barren lands and natural cover, and the formation of linear development along
major arteries became clearly evident. At this stage, the spatial continuity of the urban fabric weakened
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further, and patch-type growth became one of the dominant characteristics of Khoy’s development.
Results show that “access to services,” selected five times as the best, had the highest perceived
importance, whereas “automobile dependency,” selected six times as the worst, had the highest negative
impact. Other components such as population density ranked second in importance, while variables like
“limiting encroachment into natural areas” and “air pollution” were never selected as the best, indicating
that they are perceived more as structural consequences. Normalized scores showed significant
variability among components. The highest normalized value belonged to “access to services” (0.72),
meaning that despite an average raw distance of 680 meters, Khoy’s relative access level is acceptable
within the reference range. “Population density” (0.64) and “limiting expansion into natural areas”
(0.60) followed, indicating moderate levels of sprawl in these components. The final index reflects the
overall status of Khoy’s spatial development pattern from the viewpoint of smart-growth density criteria.
The index value suggests that Khoy’s urban expansion is at an upper-middle level of sprawl, dominated
by horizontal rather than compact growth. This highlights the roles of density structure, land-use
distribution, and accessibility patterns in shaping the city’s current condition.

Discussion

Based on spatial analysis of land-use maps from 2007 to 2025, Khoy’s growth pattern has shifted from
a relatively compact form toward horizontal, discontinuous, and scattered expansion. This trend,
alongside increasing detached development around the city, provides clear evidence of urban sprawl.
Supporting these findings, land-use change charts show an increase in built-up areas alongside
fluctuations in vegetation cover and gradual loss of barren land—indicating land-consumption
dominance and urban-development instability. Analytical results from the BWM model show that the
fundamental causes of sprawl in Khoy stem more from weaknesses in spatial organization, land-use
distribution, and access patterns than from environmental factors. The final sprawl index (0.571) places
Khoy in an “upper-middle transitional state,” which, if current trends continue, could lead to intensified
horizontal expansion and increased spatial instability. These findings are specific to Khoy and should
not be generalized to other cities without contextual analysis. Based on the ranked components of the
BWM model, effective control of sprawl in Khoy requires restructuring the existing spatial pattern.
Priorities include strengthening efficient density within built-up areas, preventing horizontal outward
expansion, improving access to services in underserved neighborhoods, directing investments toward
underutilized inner-city zones, and protecting natural peripheral lands. These measures can help Khoy
shift toward a more compact and sustainable growth pattern.
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Figure 1. Conceptual model and operational framework for evaluating urban sprawl based on the Best—Worst
Method (BWM)
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Figure 2. Geographical location of Khoy city in Iran, at the provincial and county levels.
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Figure 3. Spatio-temporal analysis of physical expansion and the pattern of urban sprawl in Khoy city
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Figure 4. Changes in the area of main land use types in Khoy city during the period 2007-2025




AR Ok 5 suzly /. yis) S B b wiadipr wiy a1y (oloyliro wlilys (604 (9105t liero (b s/

Sy Jl Jols g g (o5 @l Bl Gl 595 b 3 xted 295088 (STl g (ogrie dine) (oS Sl
9 aasS gglad dacuilyy (ulSal 4 isu cnl ()5 )18 oy 3j90 (B 13 (S SlaolSd (o n ik
9 3k iy Gub il &3l polaidl il 29,081y asely 5 Jolse wunle 3> (55 (Sl laobs)l
lnailge sl glaie (g jloclin (isS sladnl ol Bl 5 Gun Wlosd 5)515,5 oy daliiis y B 5 Al Ludag
SRS (290088 |y (aSlE duwle 5 (230)jg I ol (o lS § B x5 solnd (le (egrde Xgn (25 rl%
@l el slp p3Y Anj g 038 Joo (o S Jov (ogrie Slue plpiedr ol (S SadBl i ind Cul

diloe pald 1) (gim laisy > (goas

Lgwl sauges 9 B pd 1 oz e SV A Al -

T S5 R )3 SR (297005152 (6565 U5 Jole (2 yietes o 0593 5129 15w

hel ol 1) loss (g2l 35505 5 (606 S )S @jh ssN 5o i il el & amd o Lt (5 53 (slagsly
Ui Cueg e 539400 bl )3 (45l 5 (Slesd lacld (508 (8 LS4 i o g e ) (90048 |y
sl 0 Wadpbla Cavuwdy drwgs (M0 ndS i ge unlio (o yiwd I o 5l

WS (0 (b)) A (G55 (S ) (TP Curdg 0 1) (Fered o515 AT Jlgw

Sl 03,8 hemdi |y (c95 jad (2ldd plmasl (oo slodiny (S pd 02Ty 9 ol o515 & Wakine (555 il
sl 0sd 39250 (S Sl; 5y90 50 SR 9 )l e Aols (al38l cage sal)S 5515 395 dal

)15 (555 e (29,0810 )3 (S dx (5 e Closd o uwd 1Y I

sl (S yebing Slalrol GRIB 2 S belse 3 (o s ped DlodS & b g yiod o Wlod S ST S 8
Cusl 0a o (BBl dnwgs 9 (SYob (sl jhe 4 juln (Stanly 9o (Sgelym CHxe 13 0f9d Cundy
S99 3 ol b aild o e 1y 9398 & Siunlg i€ Jlguw

Lalisee (gl )18 595 ddl L 1yl Jole & ity (g55 o (2l Lo ol 1y 9,095 & (Stuly o555 o 58]
ol 03,8 95095 5l ookl &y 5 3B 1y g y00d ¢ ygroooly (wyiwd Card g

T Lol a5 51 (595 e 3 (29,088 132 (S jlaumo (Slaoly 20 1w

b3 Slotely cninae 3 1) el SLbl b clalad 3185 5 Sselr 3Dl 2 L8 e oS alS 5,8
1038 gt (ot e 5> (BBl M) (5ol

T (595 e 50 (29508131 J )5S 5821 (2 ietee 11 Jlgow

2803k 5 20187 o515 Gl dalisee (cla gyl gl ad (19)0 Cuamds drsgd Colia 515 dagusly aigex 5
295 Sladuglio (B 3 ordgl il lodilie (5 5 (&S slaguly pululy SIS AT (b 208 slacdl,
W el b lagasls (a9 228 ) Jado oluly cunl o Ll o golis 9 odd (g5l oS —cn e Ub9)
55 o Attt 155) iyl ke (el 4R g 6,58 S e el 45 A e ) 51 4 el 005 plol yasiie
WS o Cusds |y aglad ol jlael a5 wilodgs jIy95 1 (oSS OMuass CMpasd jl B 15 do s do oS dad o lis
Tl VF 51 e sl 5uSles g sl 008 o)l Lo YY ol il ST o Jlo & il il JBlis (o) dilo s §
# dnolSils 53 (S yi5 55 A e sl (50 o Bis )3 ol dgi B o &5 Sy oS 39300 39l
oSy ol cwl olpl g )l ol yhe oyiles B lis a8 )y cullsd oyline yisw )0 405 ¥ g (6 o yeb 4y
ey cdylubliol b gl a3 8 slaw il e Byo b oKl o beglad cul oad el
Gl & weaee L) g 50950 (2l (S 5LebeS 5 Lh slagis @ liwd sl oy ©lllas s BWM
S5 BB S g oS a5 3] gy (58 e



1Fed o) &ylas V9 5,95 st Cons j Lo

V.

D93 9D A S Yl 5w Olaseiino Y Jgua

Table 1. Characteristics of the experts participating in the study
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Table 2. Final dimensions and components used in the BWM model
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Table 3. Selection of the best and worst criteria by experts — initial BWM output
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Table 4. Final weights of the components based on the Best-Worst Method (BWM)
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Figure 5. Weights of urban sprawl dimensions based on the Best-Worst Method (BWM)
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Figure 6._Relative status of urban sprawl dimensions in Khoy city
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Table 6. Raw values of sub-indices at the scale of Khoy city
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Table 7. Normalized values of the sub-indices
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Table 8. Weighted scores of components in the assessment of urban sprawl in Khoy city
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Figure 7. Contribution of the components to the formation of the final urban sprawl index
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Figure 8. Final urban sprawl index of Khoy city
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