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Research Paper leading to notable structural and functional decline.This issue requires deeper

examination in semi-arid and arid regions, particularly under water stress conditions.
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landscape ecology metrics. For this purpose, a spatiotemporal analysis of Green
Infrastructure (GI) dynamics in Borujerd, Iran (1990-2025) was performed using
Landsat imagery. First, land cover was classified into built-up areas, green
infrastructure, and barren land. Subsequently, the trends of green infrastructure
changes were analyzed using 10 landscape ecology metrics. The results indicate that
rapid urbanization (a 128% expansion) has caused severe fragmentation of green
infrastructure. Key metrics—Patch Density (NP 1), Edge Density (ED 1), and
Largest Patch Index (LPI |)—signify habitat fragmentation, despite a relative
improvement in green infrastructure area by 2025. Landscape connectivity
(CONTAGQ) has decreased significantly. This trend indicates intensified water stress
in arid and semi-arid regions, as fragmented green infrastructure requires more
irrigation. Robust quantification using TerrSet and Fragstats provided high accuracy
(OA >90%, Kappa >0.82). The findings underscore that integrated blue-green
infrastructure and hierarchical ecological networks require appropriate management
to prevent continued fragmentation and enhance resilience in water-scarce Iranian
cities. Therefore, policy reforms and adaptive planning for green infrastructure are

needed, with a focus on reducing water demand under stress while preserving

Blue-Green Infrastructure. .
G ecosystem services.

Iman Saeedi, Hassan Darabi (2025). Spatial Analysis of More-Than-Three-Decade Green
Cite this article: Infrastructure Change Using Landscape Ecology Approach in Borujerd City, Journal of
Environmental Sciences Studies , 10(3), Pages 10676-10689.

V-5VE


http://www.jess.ir/
http://www.jess.ir/
https://portal.issn.org/resource/ISSN/2588-6851
https://portal.issn.org/resource/ISSN/2588-6851
https://portal.issn.org/resource/ISSN/2588-6851
https://portal.issn.org/resource/ISSN/2588-6851
https://portal.issn.org/resource/ISSN/2645-520X
https://portal.issn.org/resource/ISSN/2645-520X
https://portal.issn.org/resource/ISSN/2645-520X
https://portal.issn.org/resource/ISSN/2645-520X
mailto:Isaeedi@malayeru.ac.ir

Journal of Environmental Sciences Studies (JESS) Vol. 10, No. 3, Autumn (2025)

EXTENDED ABSTRACT

Introduction

Green Infrastructure (GI) is a critical network of natural elements that delivers essential ecosystem
services, enhances biodiversity, and improves urban well-being. In semi-arid and arid regions like Iran,
GI faces a severe threat from rapid, unplanned urban expansion and intense water stress, creating a
paradox where its need is greatest but its viability is most compromised. While well-studied in
temperate climates, a significant research gap exists regarding the long-term spatiotemporal dynamics
of GI in water-scarce urban settings. This study addresses this gap by conducting a systematic, metric-
based analysis of GI changes in Borujerd, Iran, a representative mid-sized city in the semi-arid Zagros
region, over a 35-year period (1990-2025).

Materials and methods

This study employed a remote sensing approach to analyze spatial transformations of green and blue
infrastructure in Borujerd City over a 40-year period (1990-2025). Four Landsat satellite images
(Landsat 5/TM, 1990; Landsat 5/TM, 2000; Landsat 8/OLI, 2018; Landsat 9/0OLI-2, 2025) were
processed using TerrSet software (v.18.31). Following atmospheric correction and spectral
standardization, supervised classification with Maximum Likelihood algorithm generated land
use/cover maps, validated with overall accuracy >90% and Kappa coefficient >0.82. Subsequent
analysis utilized Fragstats 4.2 to calculate ten landscape ecology metrics at both class and landscape
levels, examining spatial dynamics, fragmentation patterns, and connectivity changes of green and blue
infrastructure networks. This multi-temporal analysis provides comprehensive insights into the
ecological transformation of urban green spaces over four decades.

Results and discussion

Built-up areas expanded explosively by 128% (from 1,206.54 ha in 1990 to 2,748.6 ha in 2025),
primarily at the expense of barren land (-25%). GI area showed a fluctuating trend, decreasing initially
before a partial recovery to 4,388.94 ha by 2025. Despite the recovery in area, landscape metrics
revealed severe qualitative degradation. The Number of Patches (NP) for GI increased by 74%,
indicating intense subdivision. The Largest Patch Index (LPI) decreased by 17%, signifying the loss of
core habitat areas. Effective Mesh Size (MESH) nearly halved, demonstrating increased isolation of
GI patches. At the landscape level, connectivity (CONTAG) decreased significantly from 84.48 to 73.9,
indicating a breakdown in spatial cohesion. Increased diversity (SHDI) and evenness (SHEI) reflected

a more heterogeneous landscape, a negative consequence of fragmentation and land cover intermixing
due to urban sprawl.

Conclusion

The results demonstrates that rapid urbanization has driven severe fragmentation of GI in Borujerd,
significantly reducing ecological connectivity and functionality despite a recent increase in green space
area. The findings underscore that in water-scarce environments, the spatial configuration of GI is a
more critical determinant of its sustainability and resilience than its total area alone. The proposed
strategies offer a pathway for Borujerd and similar cities to enhance ecological resilience, optimize
water use, and secure ecosystem services for future generations.
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