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Objective: The rapid expansion of cities in Iran, particularly in metropolitan areas such as
Shiraz, has led to significant impacts on land use, the environment, and spatial planning.
This research aims to analyze the physical growth of Shiraz between 1999 and 2025 by
employing the Landscape Expansion Index (LEI) alongside Landscape Metrics (CA, ND,
NT, LPI, ED, LSI). Land use data were derived from multi-temporal Landsat imagery and
processed within a GIS environment using remote sensing techniques.

Methods: The study utilized quantitative spatial analysis techniques to measure urban
expansion and land use changes over a 26-year period. Multi-temporal Landsat images
(path/row covering Shiraz) were pre-processed for geometric and radiometric corrections
before classification. Classification was conducted using supervised methods enhanced by
Machine Learning (ML) algorithms, specifically Random Forest and Support Vector
Machine (SVM), to increase accuracy in distinguishing urban, agricultural, and natural land
classes. Landscape Metrics were computed for each time step to quantify patch size, shape,
edge density, and largest patch dominance. LEI calculations identified three growth modes:
Edge-Expansion, Infilling, and Outlying. The accuracy of classifications was validated
using a Confusion Matrix, yielding overall accuracy and Kappa values.

Results: The LEI analysis revealed Edge-Expansion as the dominant growth type, covering
approximately 138.374 km? (over 99% of expansion). Infilling accounted for 0.1667 km?,
and Outlying 0.1005 km?, mainly in peripheral zones. Urban land area expanded from about
72.5 million m2 in 1999 to more than 146 million m2 in 2025. Agricultural land decreased
from 79 million m? to under 4 million m?, while natural areas dropped from 41 million m?2
to around 11 million m2. The LPI reached 100%, indicating complete urban patch
integration. ML-based classification achieved an overall accuracy > 90% and Kappa = 0.85,
validating the reliability of LEI outputs.

Conclusions: This spatial-temporal analysis clearly demonstrates Shiraz’s rapid horizontal

expansion, driven predominantly by edge-oriented development. Such growth patterns

have significantly reduced agricultural and natural land, posing long-term challenges to

sustainability and food security. The findings underscore the necessity for smart land

management, targeted policies to limit edge-expansion, and the promotion of infill

development and urban regeneration in vacant or deteriorated zones.
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Introduction

The methodology of any research constitutes the main foundation of its scientific validity and determines how to
achieve the research objectives. In this study, considering the nature of the subject, namely the study of land use
changes and the analysis of urban expansion in Shiraz, a quantitative approach based on spatial analysis has been
used. In order to measure spatial patterns and changes in the landscape, land use data were extracted in two time
periods of 1999 and 1404.

To analyze these changes, a set of landscape metrics including: CA, ND&NT, LPI, ED, LSI were used. The
calculation of these metrics allowed for the quantitative study of the horizontal expansion trend, the integration
of urban spots, and the impact of development on work.

The physical expansion of cities in recent decades has brought with it numerous challenges in land
management, environment and spatial planning, and the Shiraz metropolis, as one of the main population and
economic centers of the country, has experienced significant growth during the period from 1999 to 2025.
Examining the pattern of this growth can play an important role in policy-making and sustainable urban
development.

Methodology

Urban growth and expansion is a complex and multidimensional phenomenon that cannot be analyzed simply by
examining quantitative changes in land use area. For this reason, in modern studies of urban geography and land
planning, the use of landscape metrics has become common as an efficient tool for analyzing the structure of
land use change patterns (Forman, 1995; Bhatta, 2010). These metrics allow for the measurement of
characteristics such as size, number, dispersion, complexity, and integration of land use patches and can provide
a more accurate picture of the spatial change process of cities. In the present study, the aim is to analyze land use
changes in Shiraz between 1999 and 1404 using quantitative landscape indices including CA, ND, NT, ED, LPI,
and LSI. In addition to revealing the trend of horizontal expansion and the degree of integration of the city, the
use of these metrics also allows for the assessment of the consequences of urban development on surrounding
agricultural and natural lands.

Results and discussion

The urban green space as an animate part of the urban environment complements the inanimate part of the city,
i.e. the physical structure of the city. Today, sociologists, psychologists and doctors believe that in addition to
ensuring the health of the atmosphere and environment of residential places, they are responsible for a positive
role in the health of citizens, the most important of which is its effects on the lives of citizens who spend hours
every day to spend They spend their free time in such spaces. The role of urban green spaces in creating green
cities and providing social services is quite clear. Therefore, urban green spaces are the only areas that provide
the possibility of creating peace, reducing stress, comforting city dwellers and attracting tourists for leisure time,
and this need to pay attention to It increases these areas and makes it one of the key elements in tourism
development and sustainable urban development. Most of the people feel happy to be in nature and this shows
that these spaces play an important role in improving the quality of human life. and also lack of basic planning
And in terms of the status of urban green space in order to attract tourists and tourism, the development of
sustainable development is not very desirable, although the high capacity and potential of this city requires that
using the weaknesses to create a favorable situation in this city.

Conclusion

It can be concluded that the view that northern areas such as Noor have good urban green spaces due to having
forested areas such as Changli Noor Park, agricultural lands and gardens next to the parks, and concluded that
urban green spaces should attract tourists based on development. The environment was achieved only with
proper planning, principles and the use of other city capacities such as reducing the volume of waste production,
increasing urban parks in the city, increasing historical gardens and gardens for tourism, creating roofs and green
walls, etc.
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LU
Class
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Soil
Sum
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Table 1. Final table of urban landscape metrics

CA(m"2) | CA(%) ND NT LargePatch = LPI A ED(m/h) LSI Edge-
(%) (%) Length(m)
72,560,700 58.6 1 1 72,560,700 @100 250 15 1,814,000
78,965,620 63.8 2 1 50,000,000 63.3 180 1.3 1,421,380
41,411,140 335 3 1 = 25,000,000 60.3 150 1.2 621,170
123,746,460 100
146,152,800 74.1 1 1 | 146,152,000 100 30 1.6 438,426
40,444,960 2.05 2 1 2,500,000 @ 61.8 200 1.35 80,895
11,322,290 5.74 3 1 6,000,000 53 12 1.2 13,587
197,230,050 100
Changes in CA% and LPI1% (1999-1404)
B Urban W Agri M Soil
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CA% 40
20 |III
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1999 1404
CA% LPI%
Change CA% & LP1% (1999-1404) .y JS&%
Fig. 3. Change CA% & LP1% (1999-1404)
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1. ML (Machine Learning)
2. LEI (Landscape Expansion Index)
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Fig. 4. Edge expansion area with table and calculation
Edge-expansion SUM = 138.374636, infilling Sum: 0.166744, Outlying SUM: 0.160479
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Fig. 5. Internal expansion area with table and calculation
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1. CA: (Contagion Index)

2. PLAND: (Percentage of Landscape)
3. NT: (Number of Patches)

4. LPI: (Edge Density)

5. ED: (Edge Density)
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Fig. 8. Model validation confusion matrix - LEI index with ML

Confusion Matrix (wlicé! yw ylo 19909 g

Outlying & 5,50 ;5 .cowl atily oYL cés Edge-Expansion saswis p» ML Jio a8 aad o ol Hhoges oy
oilizel L ple (Slodd i 505 S pd ol 4 b WwMST opl il isu)agd e s s S INfilling
el (ABlg zols b o] awslio g ouile (500 (claJae 5,Shas b5y > o0l syl 51 S Confusion Matrix
ML ile (6,550 Jao <o ((VF+F =1233) 5 o 53 LEI (aslis jl Jols goli oxyliel gy imgl ol 5
HBly 295 b o] @l s )b (Edge-Expansion, Outlying, infilling) (¢ (oyus glyl canaib lp
Edge- (lad opus ololis > Jae a5 oy lis jolice] e ple wdel cund & guls wlol p 05,5 awlis LEI
SxSob Jdo by gy 4 LEI buwg osds slolis slaas | oYU doys g atsly awlo jluw 5,Slee Expansion
Colue JS 5178351 Gl) s 0> GouS g9 ool VL o 4 425 b ggdge pl Wilord o3 et 55 oile

Py oo s & (ilaie (dngs

S P S s A JS
Fig. 9. Urban Expansion Change



O yd g i g bop b |

o (locw (s o g LEN 2 lis jf oolianl b s (500 sy ol

= =

= =

375 | 75 15 Kiomels
T T B i e
e
il =5
 Imee
Ei Ej Ej € Ej

_;_)ﬂ_':.' \__S..\.& ‘\.1.'...}3 Jg..\'in

Jat

Fig

SR 9 SRS (5 bazargi N o JSS
. 10. Urban and Non-Urban Development

552y Slymdi i .Y Jgo
Table 2. Land Use Change Change
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N | LU-1999 Area | LU 1404 | Area 1 Change Area_Change
1 Urban | 77560704 | Urban 146152992 | Urban-Urban 6342.006105
2 Urban | 77560704 | Agri 40448000 Urban-Agri 1344.165407
3 Urban | 77560704 Soil 11322300 Urban-Soil 61.80413456
4 Agri 78965600 | Urban | 146152992 | Agri-Urban 5823.217505
5 Agri 78965600 | Agri 40448000 Agri-Agri 1756.704202
6 Agri 78965600 |  Soil 11322300 Agri-Soil 305.1312234
7 Soil 41411100| Urban 146152992 Soil-Urban 2431.124905
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