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Background: This research evaluates the spatiotemporal patterns of vegetation
degradation and restoration in the arid and fragile ecosystems of Hormozgan province.

Objective: The main objective of this study was to analyze the trends of Normalized
Difference Vegetation Index (NDVI) changes at overall, seasonal, and monthly time
scales during the 2000-2018 period, and to identify the main hotspots of vegetation
increase (greening) and decrease (browning) across the province.

Method: This study utilized 19-year time-series data of the NDVI from the MOD13Q1
product with a spatial resolution of 250 meters. For trend analysis at the pixel level, the
non-parametric Mann-Kendall test was used to detect significant trends, and Sen’s Slope
estimator was employed to determine the magnitude of changes. All analyses were
conducted in the R software environment.

Results: The results indicate the dominance of a widespread declining trend (browning)
in the western and central regions of the province. Seasonal analysis revealed a key
paradox: the degradation trend occurred not only in the hot and dry summer but also
significantly during the wet winter season. In contrast, autumn showed a dual pattern,
where the eastern half of the province experienced a notable increasing trend (greening)
due to the impact of monsoon precipitation. June and July were identified as the most
critical periods of degradation, while August and September were the only periods of
significant restoration (limited to the eastern part of the province).

Conclusion: The ecosystem of Hormozgan province is undergoing an increasing
degradation trend, and the ecological balance is shifting towards a reduction in plant
biomass. The discovery of a declining trend during the winter precipitation season is a
serious warning for the region’s water security and biological sustainability, emphasizing
the need to adopt adaptive, location-based, and evidence-based management strategies to
combat the consequences of climate change and prevent irreversible alterations.
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Vegetation cover is a critical component of terrestrial ecosystems and a key indicator of ecological
health, directly influencing the exchange of energy, water, and carbon between the atmosphere and
the land surface. In arid and semi-arid regions, land degradation and desertification pose a
significant threat to sustainable development and global food security. Accelerated climate change,
characterized by rising temperatures and extreme rainfall fluctuations, profoundly impacts plant
growth patterns, making the study of vegetation dynamics in these vulnerable areas a vital research
priority. The Normalized Difference Vegetation Index (NDVI), derived from satellite remote
sensing data, has long been recognized for decades as a reliable and widely used proxy for
monitoring vegetation health and productivity. While numerous studies have analyzed NDVI
trends across various regions of Iran, a comprehensive, multi-temporal scales (monthly, seasonal,
and overall) analysis for the unique and sensitive coastal-desert ecosystems of Hormozgan
Province in southern Iran has been largely overlooked. This research aims to fill this knowledge
gap. The specific objectives of this study are: (1) to analyze the spatio-temporal trends of NDVI
in Hormozgan Province from 2000 to 2018; (2) to assess and compare these trends on seasonal
and monthly scales to understand the underlying dynamics; and (3) to identify and map the
“hotspots” of areas of significant vegetation gain (greening) and loss (browning).

Materials and Methods

The study was conducted in Hormozgan Provincein southern Iran, bordering the Persian Gulf and
the Oman Sea. The region is characterized by a hot and arid to semi-arid climate, with low,
irregular annual rainfall (<200 mm) and high temperatures, making water availability the primary
limiting factor for plant growth. To analyze vegetation dynamics, this study utilized the MODIS
NDVI product (MOD13Q1, Collection 6) with a spatial resolution of 250 meters and a 16-day
temporal resolution. A complete time series spanning 19 years, from January 2000 to December
2018, was acquired and processed via or through the Google Earth Engine platform. The core of
the methodology involved a per-pixel trend analysis using two robust non-parametric statistical
methods. The Mann-Kendall (MK) test was employed to detect the presence and statistical
significance of monotonic trends (upward or downward) in the NDVI time series. The MK test is
advantageous as it does not require the data to be normally distributed and is insensitive to outliers.
Subsequently, the Sen’s Slope Estimator was used to quantify the magnitude (rate of change) of
the identified trends. These analyses were performed systematically for each pixel across the entire
province for the overall, seasonal, and monthly time series to generate comprehensive trend maps
using the R software framework or platform.

Results and Discussion

The analysis revealed a complex and alarming dual pattern of vegetation change across
Hormozgan Province. The overall trend from 2000-2018 was dominated by a widespread and
statistically significant “browning” (negative NDVI trend), indicating extensive vegetation
degradation, particularly concentrated in the western and central inland areas. In contrast, a
smaller, localized but significant “greening” (positive NDVI trend) was observed, primarily in the
southeastern coastal strip and some eastern highlands. The seasonal analysis uncovered critical
dynamics. Summer (June-August) was identified as the period of most intense degradation, with a
homogenous and severe browning trend covering nearly the entire province, driven by extreme
heat and water stress. In contrast, spring (March-May) was a period of relative stability with no
significant widespread trends. Autumn (September-November) displayed a distinct east-west
divide: the western half continued its degradation trend, while the eastern half experienced
significant greening, clearly linked to the moisture provided by the summer monsoon system. Most
paradoxically, winter (December-February), the region’s primary rainy season, exhibited a
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widespread and significant browning trend. This counter-intuitive finding suggests that the
effectiveness of winter precipitation in promoting vegetation growth has declined over the study
period, potentially due to factors like rising winter temperatures increasing evapotranspiration,
shifts in rainfall patterns, or intensified human pressures such as overgrazing. The monthly analysis
confirmed that the most critical period of degradation occurs from May to July, peaking in June.
The winter degradation was most pronounced in December, January, and February. These findings
suggest that the ecosystem is under severe pressure, with its resilience declining even during the
traditional growing season. The spatial concentration of browning in western and central
Hormozgan aligns with areas experiencing greater agricultural pressure and groundwater over-
extraction, while the resilience in the southeast may be linked to unique ecosystems like mangrove
forests.

Conclusion

This study provides a detailed and concerning assessment of vegetation dynamics in Hormozgan
Province, revealing a dominant and accelerating trend of degradation (browning). The key finding
is that the ecological balance is shifting towards a net loss of vegetation biomass, underscored by
the paradoxical discovery of a significant declining trend during the winter rainy season. This
phenomenon is a powerful indicator of fundamental shifts in regional climate patterns and signals
a serious threat to water security, agricultural productivity, and the overall ecosystem stability of
the province. The results have critical implications for policy and natural resource management.
The identified spatio-temporal patterns demonstrate that one-size-fits-all management strategies
are destined to fail. An urgent shift towards adaptive, location-specific, and evidence-based
interventions is required, prioritizing the vulnerable western and central “hotspots” of degradation.
Proactive strategies to mitigate the declining effectiveness of winter rainfall, such as integrated
water resource management and promoting drought-resistant vegetation, are essential. This
research serves as a scientific baseline and a call to action to implement sustainable land
management policies to prevent the observed trends from becoming irreversible and to bolster the
ecological resilience of this fragile region against future challenges.
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