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Detecting vegetation changes in arid and semi-arid regions, particularly identifying areas
affected by vegetation drying, remains a major challenge in remote sensing. This study
aimed to identify and analyze areas affected by vegetation drying in the rangelands of
Chaharmahal-va-Bakhtiari Province, Iran, using remote sensing data from 2013 and
2023. Image differencing was performed for several indices, including the Normalized
Difference Vegetation Index (NDVI), Vegetation Health Index (VHI), Tasseled Cap
Transformation (TCT), and Simple Ratio (SR). Thresholds were then applied to the
difference values of each index to identify dried patches. To validate the results, field
surveys and sampling were conducted to assess the agreement between the identified
patches and actual field conditions. The results showed that the SR index performed best
in identifying dried patches, achieving an overall accuracy of 75% and a Kappa
coefficient of 0.75, indicating substantial agreement with the field data. The VHI index
ranked second, with an overall accuracy of 60% and a Kappa coefficient of 0.40. The
TCT index achieved an overall accuracy of 52% and a Kappa coefficient of 0.32,
whereas the NDVI index showed the lowest performance, with an overall accuracy of
40% and a Kappa coefficient of 0.28. These findings suggest that SR was more effective
than the other evaluated indices in detecting vegetation drying in the study area. The SR
index could therefore serve as a useful tool for monitoring vegetation drying and
supporting early warning systems and the sustainable management of rangeland
resources.
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EXTENDED ABSTRACT

Introduction: Rangelands in arid and semi-arid regions are highly vulnerable to climatic variability, overgrazing, and
other anthropogenic pressures, which can result in the formation of dried or degraded patches. Detecting vegetation
changes in these ecosystems is crucial for sustainable management, early warning, and planning interventions. Remote
sensing provides a cost-effective and repeatable tool for monitoring vegetation dynamics across large areas, enabling
early identification of degraded zones. Several vegetation indices, among others, Normalized Difference Vegetation Index
(NDVI), Simple Ratio (SR), Vegetation Health Index (VHI), and Tasseled Cap Transformation (TCT), are widely applied
to assess vegetation condition. NDVI measures relative greenness, SR emphasizes vegetation reflectance ratios, VHI
integrates temperature and vegetation stress, and TCT highlights vegetation brightness and greenness components.
Despite their extensive uses, comparative evaluations in semi-arid rangelands are limited. This study investigates
vegetation changes in the rangelands of Chaharmahal-va-Bakhtiari Province between 2013 and 2023 using Landsat
imagery and multiple indices. The primary objective is to identify dried patches accurately and determine which indices
provide the most reliable results for monitoring and managing rangeland degradation. The study also validates remote
sensing results through field sampling, offering insights for practical applications in semi-arid ecosystems.

Materials and Methods: This research utilized Landsat 8 satellite imagery to evaluate rangeland vegetation changes
between 2013 and 2023. Pre-processing including radiometric and atmospheric correction, as well as cloud and shadow
removal, were done to enhance data quality. Rangeland areas were classified using the Classification Tree Algorithm
(CTA) implemented in Google Earth Engine, and the classification was validated with ground-truth points from field
visits and high-resolution Google Earth imagery. Vegetation indices including NDVI, SR, VHI, and TCT components
(brightness, greenness, wetness) were computed for both years. Image differencing was applied to each index to quantify
changes in vegetation cover over time. Thresholds for identifying dried patches were established based on normalized
difference values specific to each index. Field validation involved sampling across identified dried patches to assess
correspondence with actual ground conditions. Accuracy metrics included overall accuracy, user accuracy, and the Kappa
index of coefficient. These analyses allowed comparative evaluation of index performance and identification of the most
reliable indicators for detecting rangeland degradation in semi-arid environments. All analyses were conducted in a
reproducible workflow to ensure the methodology could be applied to other regions with similar ecological conditions.

Results and Discussion: The analysis revealed considerable variation in the performance of different indices for detecting
dried patches. The SR index demonstrated the highest reliability, achieving an overall accuracy of 75 percent and a Kappa
index of coefficient of 0.75, indicating strong agreement with field observations. VHI exhibited moderate performance,
with a user accuracy of 60 percent and Kappa of 0.40, capturing vegetation stress but with lower spatial precision. NDVI
showed limited effectiveness, with only 40 percent accuracy and a Kappa of 0.28, suggesting that NDVI may
underestimate early-stage degradation in semi-arid rangelands. TCT indices provided intermediate results, with an overall
accuracy of 52 percent and Kappa of 0.32, effectively identifying general vegetation loss but lacking sensitivity to smaller
or fragmented dried patches. The superior performance of SR highlights the value of reflectance ratio-based indices in
detecting subtle vegetation changes under semi-arid conditions. Image differencing proved effectiveness for quantifying
spatial and temporal patterns of degradation, providing actionable insights for land management. These results underscore
the importance of selecting indices that consider local climatic and ecological conditions, as well as validating remote
sensing outputs with field data to ensure accuracy and applicability.

Conclusion: This study demonstrates that the SR index is the most effective remote sensing tool for identifying dried
patches in Chaharmahal-va-Bakhtiari rangelands. Accurate detection of vegetation degradation can support early-warning
systems, sustainable management, and resource allocation. Limitations observed in NDVI and TCT indices suggest that
careful selection of vegetation indices is crucial for monitoring semi-arid ecosystems decline. The proposed methodology
provides a reproducible and practical framework for rangeland monitoring, guiding policy-making and mitigation
strategies against climatic and anthropogenic pressures. Adoption of this approach can enhance ecological resilience,
optimize rangeland management, and contribute to sustainable natural resource use.
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