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Considering the widespread changes in biodiversity and its vital importance in
maintaining ecosystem stability and functionality, precise and continuous assessment of
plant diversity indices is essential. Due to temporal, spatial, and economic constraints,
field sampling is often difficult and costly in many regions. Therefore, remote sensing
data have increasingly gained attention as a reliable, efficient, and cost-effective source
for biodiversity assessment and monitoring. This study aims to evaluate the capability of
Sentinel-2 satellite data in estimating plant biodiversity indices in semi-steppe
rangelands. To this end, eight sampling sites were selected based on management
conditions, vegetation cover, and ecological characteristics, and three 30x30 m?
macroplots were established at each site. Vegetation cover sampling was performed
using a systematic-random method with 2x2 m? plots along three transects. After
calculating plant diversity indices including alpha diversity, beta diversity, and
functional diversity, the relationships between these indices and vegetation indices
derived from Sentinel-2 data were examined and statistically analyzed. Data analysis
was conducted using linear regression and correlation tests in the R software
environment. The results clearly demonstrate that vegetation indices derived from
Sentinel-2 satellite imagery are capable of predicting different components of
biodiversity in semi-steppe rangelands. Among the indices, EVI showed the strongest
correlation with alpha diversity (R?>=0.20, P-value=0.02) and functional diversity
(functional richness) (R?>=0.34, P-value=0.001), whereas NDVI exhibited the highest
correlation with beta diversity (Bray-Curtis Similarity and distance indices index)
(R?=0.21, P-value=0.01). Other indices such as MSAVI2, AVI, and SAVI also revealed
positive and significant correlations with various biodiversity components, although
their correlation coefficients were lower than those of the primary indices. These findings
suggest that Sentinel-2 data, in addition to providing general information on vegetation
cover, offer the potential for accurate estimation of species and functional diversity
indices at the macroplot scale. Therefore, this study highlights the practical value of
satellite-based data as a reliable, efficient, and cost-effective tool for monitoring and
managing biodiversity in semi-steppe rangelands.
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EXTENDED ABSTRACT

Introduction: Extensive changes in biodiversity and its vital importance for maintaining ecosystem stability and
functioning underscore the need for precise and continuous assessment of vegetation diversity indicators. As a key
ecological component, vegetation influences fundamental ecosystem processes and sustainability, while exerting direct
and wide-ranging impacts on environmental security, sustainable economic development, and human well-being.
Biodiversity indices offer an effective framework for analyzing plant community dynamics and evaluating their responses
to environmental gradients. Given the temporal, spatial, and financial constraints of field sampling, remote sensing
technologies particularly Sentinel-2 satellite data with its high spectral and spatial resolution have gained prominence as
efficient and cost-effective tools for monitoring and modeling vegetation diversity. Vegetation indices derived from these
images capture a broad spectrum of spectral and spatial properties of plant cover, enabling the interpretation of ecological
heterogeneity and diversity patterns across multiple scales. The integrated use of such information supports systematic
and scalable assessments of ecological change and provides a foundation for developing evidence-based strategies for
sustainable ecosystem management and conservation. This study aims to evaluate the capability of Sentinel-2 satellite
data to estimate plant biodiversity indices in semi-steppe rangelands.

Materials and Methods: The study area is located in semi-steppe rangelands with well-developed vegetation and
diversity, covering an area of 5118.1 hectares in Chaharmahal and Bakhtiari Province, Iran. Eight sampling sites were
selected based on management practices, vegetation cover, and ecological characteristics, and at each site, three 30*30
m? macroplots were established. Vegetation sampling was conducted during the peak growth period using a random-
systematic design, with 2*2 m? plots laid out along three transects. Multispectral images acquired from the Sentinel-2
MSI sensor, with a spatial resolution of 20 m, were used for data processing. Various vegetation indices were calculated,
grouped into slope-based and distance-based categories. To quantitatively assess biodiversity indices, multiple
dimensions of diversity including alpha, beta, and functional diversity were evaluated. Subsequently, to examine the
relationships between ground-measured plant species diversity and vegetation indices derived from Sentinel-2 imagery,
linear regression and correlation analyses were performed using R software version 4.2.2. Following the regression
analyses, the coefficient of determination (R?) for each model was calculated to assess the strength of correlation.

Results and Discussion: The results clearly indicate that the vegetation indices EVI (R?>=0.20, P-value=0.02), MSAVI2
(R?=0.19, P-value=0.02), AVI (R?=0.18, P-value=0.02), and NDVI (R?=0.17, P-value=0.03) exhibited significant positive
relationships with alpha diversity. Regarding the relationships between vegetation indices and beta diversity, significant
correlations were also observed between the independent and dependent variables. Specifically, NDVI (R*>=0.21, P-
value=0.01), SAVI (R*=0.20, P-value=0.01), RATIO (R*=0.21, P-value=0.01), and EVI (R*=0.19, P-value=0.01) were
positively and significantly associated with the Bray—Curtis index. Concerning functional diversity, EVI (R?>=0.34, P-
value=0.001) and NDVI (R*=0.31, P-value=0.003) showed significant positive relationships with functional richness
(FRic); AVI (R*=0.31, P-value=0.003) was positively correlated with the community-weighted mean of annual forb traits
(CWM-AF); and MSAVI1 (R?>=0.19, P-value=0.02) exhibited a significant positive association with the community-
weighted mean of annual grass traits (CWM-AG). Overall, considering the regression coefficients and significance levels
across alpha, beta, and functional diversity components, EVI was the most effective index for estimating alpha and
functional diversity, whereas NDVI was the most effective for assessing beta diversity in the study area.

Conclusion: These results indicate that spectral vegetation indices derived from Sentinel-2 satellite data, such as NDVI
and EVI, not only provide general information on vegetation cover but also have high potential for explaining and
modeling various components of biodiversity, including alpha, beta, and functional diversity. Therefore, the integration
of vegetation indices with an understanding of the ecological characteristics of each area, along with the optimization of
spatial scales, plays a critical role in enhancing the accuracy of biodiversity assessments. Accordingly, in the development
of future models, simultaneous consideration of the type of vegetation indices, spatial scale, and ecological conditions is
essential. Moreover, combining satellite data with more precise field sampling and employing advanced spectral analysis
algorithms can significantly improve the accuracy and reliability of results at finer spatial scales.
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Correlation
Cosine
Manhattan
Gower

Wittaker
Harrison
Wilson and Shmida
Mourell
Routledge
Wiliams
Cody
Harrison2

1. Beta diversity

2. Similarity and distance indices
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