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These days, semi-arid and arid cities in Iran are struggling with a conflict between
physical development and ecological capacity. In these areas, high rates of
evapotranspiration and reduced rainfall pose a serious threat to the survival of green
infrastructure. This study evaluates the quantitative and qualitative dynamics of green
infrastructure in the new city of Mohajeran between 2018 and 2024 using a multi-sensor
approach within the Google Earth Engine (GEE) platform. Sentinel-2 satellite imagery
was utilized for quantitative assessment, while Landsat 8/9 data were employed for
qualitative and thermal analysis. The Vegetation Health Index (VHI) was extracted by
integrating the Vegetation Condition Index (VCI) and Temperature Condition Index
(TCI) to model the physiological stress of plants. The results revealed that the area of
urban green infrastructure significantly decreased from 75.53 hectares in 2018 to 57.28
hectares in 2024. Despite this substantial reduction in area, the mean VHI showed
negligible change (from 0.40 to 0.41), indicating relative qualitative stability within the
remaining green patches. However, the decline of the minimum VHI value to 0.21 in 2024
signals the emergence of critical stress hotspots in certain areas. The findings demonstrate
that Mohajeran’s green infrastructure has transitioned from a stage of physical
development to a phase of "qualitative crisis" and spatial contraction. Consequently,
urban management must shift its focus toward prioritizing thermal resilience management
and optimizing the health of existing infrastructure.
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Introduction

Urban green infrastructure is a key component of ecological resilience in rapidly expanding cities,
particularly in semi-arid environments where water scarcity, high evapotranspiration, rising land-surface
temperatures, and recurrent drought constrain vegetation performance. In such settings, evaluating green
infrastructure solely on the basis of its physical extent may be misleading, because vegetation can remain
spectrally detectable while experiencing physiological and thermal stress. Mohajeran, a planned new
city in Markazi Province, Iran, was developed with a garden-city approach, making the persistence and
ecological functioning of its green infrastructure central to its environmental identity. However, a
monitoring framework integrating both the quantity and health of urban green spaces has been lacking.
Therefore, this study aimed to evaluate the quantitative and qualitative dynamics of Mohajeran’s urban
green infrastructure between 2018 and 2024 and determine whether changes in green-space extent were
accompanied by comparable changes in ecological health. The main methodological innovation was
integrating high-resolution Sentinel-2 imagery for mapping green-space extent with Landsat 8/9 thermal
information for assessing vegetation stress within Google Earth Engine. A quality mask was also applied
specifically to mapped green-infrastructure patches to minimize interference from surrounding barren
or built-up surfaces.

Material and Methods

The study was conducted in Mohajeran, a semi-arid new city located approximately 25 km west of Arak
in Markazi Province. Satellite observations representing the growing season, from May to September,
were analyzed for 2018 and 2024. Sentinel-2 MSI surface-reflectance data with 10-m spatial resolution
were used to delineate active urban vegetation and quantify changes in green-infrastructure area. The
Normalized Difference Vegetation Index (NDVI) was calculated, and a threshold of 0.33 was applied
to distinguish active vegetation from built-up areas and barren land, producing a binary green-space
mask. Landsat 8/9 OLI and TIRS data were used for qualitative and thermal assessment. Land Surface
Temperature (LST) was incorporated into the Temperature Condition Index (TCI), while NDVI-based
variability was represented through the Vegetation Condition Index (VCI). Vegetation health was then
evaluated using the Vegetation Health Index (VHI), which combines VCI and TCI with equal weights
(a= 0.5). Higher VHI values indicate healthier vegetation and lower thermal stress. Finally, the VHI
layer was spatially constrained by the Sentinel-2-derived green-space mask, allowing simultaneous
assessment of green-space extent, gain/loss patterns, and the condition of remaining vegetation.

Results

The analysis revealed a marked contraction of urban green infrastructure during the six-year period.
Total mapped green-space area declined from 53.75 ha in 2018 to 28.57 ha in 2024, corresponding to
an approximately 47% reduction. Spatial change detection showed that newly created green patches
were generally associated with planned development areas, road corridors, and service zones, whereas
losses occurred where vegetation removal, urban expansion, and declining maintenance capacity
interacted with limitations in sustainable water supply. The pattern suggests a mismatch between the
pace of physical urban development and the capacity to maintain vegetation in a water-limited
environment. The qualitative assessment provided a more complex picture. Mean VHI remained nearly
stable, changing from 0.40 in 2018 to 0.41 in 2024, while the maximum VHI remained unchanged at
0.55. This stability indicates that some core managed green patches retained their general level of
vegetation health despite the substantial reduction in total area. However, the minimum VHI declined
from 0.22 to 0.21, indicating localized physiological-stress hotspots. Spatial VHI patterns also showed
that some patches remaining green in terms of vegetation cover were exposed to greater thermal stress
because of increased land-surface temperature and lower TCI values. This divergence between
quantitative persistence and qualitative deterioration represents a “green paradox’: a site may retain its
mapped vegetation extent while losing part of its cooling capacity and ecological functionality.

Discussion and Conclusion
The findings demonstrate that monitoring urban green infrastructure in semi-arid cities should not rely
on NDVI or mapped area alone. Spectrally green vegetation may still experience heat stress, particularly
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where irrigation is inadequate, vegetation is poorly adapted to local climatic conditions, or surrounding
urban surfaces intensify thermal pressure. The combined use of Sentinel-2 and Landsat 8/9 provides a
more informative assessment by linking the physical presence of vegetation to its thermal and
physiological condition. In Mohajeran, the strong decline in green-space area, together with localized
deterioration in minimum VHI, indicates a transition from a phase dominated by physical green-space
development toward one characterized by spatial contraction and increasing concern over ecological
quality. These results have direct implications for urban management. Rather than prioritizing further
expansion of planted area, municipal policy should focus on preserving and improving the health of
existing high-value green patches. Loss/Gain and VHI maps can be incorporated into urban GIS for
identifying priority zones, targeting irrigation, and directing restoration resources toward vegetation
with realistic recovery potential. Thermal zoning based on TCI can support replacement of vulnerable
vegetation in heat-stressed road margins and dense residential sectors with native, drought-tolerant, and
heat-resistant species. An irrigation network informed by remotely sensed stress thresholds could further
improve water allocation toward patches approaching critical decline. The study is constrained by the
lack of finer-resolution thermal satellite data, the absence of detailed field data on irrigation volume and
distribution, and possible effects of interannual phenological and hydrological variability on vegetation
signals. Overall, the study confirms the value of cloud-based multi-sensor remote sensing for cost-
effective monitoring and emphasizes that long-term resilience in semi-arid cities depends increasingly
on qualitative protection, thermal-stress management, and efficient water use rather than on green-space
expansion alone.
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Figure 2. Spatial distribution of urban green infrastructure in Mohajeran in 2018 and 2024
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Figure 4. Spatial distribution of the Vegetation Health Index in 2018 and 2024
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