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Abstract

Introduction: In recent decades, the Tehran metropolitan area has faced the
fragmentation of green spaces and the weakening of ecological networks, leading to
disruptions in ecosystem services and a decline in spatial justice. The city's
heterogeneous structure—comprising dense built-up fabrics, river-valleys, and
highways—has resulted in an unbalanced distribution of green space, such that per
capita green space in the northern parts of the city exceeds 30 m2, while in the
southern parts it falls below 5 m2. Previous studies have often been limited to
descriptive analyses and assessments of density and per capita green space, paying
less attention to the networked nature and spatial cohesion of green spaces.
Furthermore, a place-based strategic framework for analyzing green space
connectivity and strengthening the linkages of the city's ecological network is
lacking. Drawing on landscape ecology principles, the present study provides a
novel framework for assessing green space connectivity and the strategic
management of Tehran's ecological network.

Materials and Methods: Using Sentinel-2 satellite imagery (June 2024), a green
space map was produced, and the NDVI index with a threshold of 0.17 was
employed to extract vegetation cover. Structural connectivity analysis was then
performed using FRAGSTATS, ArcGIS, and the moving window method, and a
composite index was developed based on the first three principles of landscape
ecology. Elevation data, river-valleys, and the transportation network were also
incorporated separately into the analysis. Compared with traditional methods, the
moving window method reflects the details of vegetation connectivity in the
surroundings with greater capability and accuracy and is applicable for identifying
critical and priority areas. The study area also encompassed a zone extending 2,000
meters beyond the physical boundary of the city to account for edge effects.
Statistical analysis was conducted using the Kolmogorov—-Smirnov test (to assess
normality) and subsequently ANOVA (to assess significance), and ecological cores,
stepping stones, and corridors were identified and mapped.

Results: Tehran was divided into three elevational belts: the upland belt (1,330—
2,357 m), the midland belt (1,130-1,330 m), and the lowland belt (1,030-1,130 m).
The upland belt, with large green patches and numerous river-valleys, possesses the
highest spatial connectivity and is a conservation priority. In this belt, the proximity
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of patches to one another and their natural linkage with river-valleys have given rise
to a more continuous structure. The midland belt, due to high construction density
and population, exhibits severe green space fragmentation and the lowest ecological
function, yet it holds the greatest potential for restoration. The lowland belt occupies
an intermediate condition, and the possibility of strengthening ecological linkages
therein is more tangible. In total, 15 ecological cores were identified, along with a
network of corridors and stepping stones.

Discussion: The proposed strategic management plan rests on three pillars: 1)
strengthening connectivity in the midland and lowland belts by developing green
space at stepping stones and establishing new corridors aligned with the
transportation network; 2) protecting and restoring river-valleys by designating a
100-meter buffer and preventing land-use change; and 3) reinforcing ecological
cores and promoting spatial justice through budget allocation in less-privileged
areas. The alignment of the proposed corridors with the transportation network
prevents conflicts with urban land uses, reduces ownership disputes, and lowers
implementation costs. The study's innovations include introducing a new index for
assessing green space connectivity, identifying the midland areas as an intermediary
belt with the capacity to create stepping stones, and attending to spatial inequalities
with an ecological-social perspective. Ultimately, the protection of ecological cores,
the restoration of river-valleys, the reinforcement of stepping stones, and the
creation of new corridors are essential for enhancing the city's connectivity and
livability.
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