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Abstract: Vegetation indices are critical tools in remote sensing for assessing
vegetation health, density, and productivity. The Normalized Difference Vegetation
Index (NDVI) is the most widely used index due to its simplicity and effectiveness in
monitoring vegetation dynamics. However, other vegetation indices, such as the
Enhanced Vegetation Index (EVI), Soil-Adjusted Vegetation Index (SAVI), and
Normalized Difference Water Index (NDW!I), offer complementary insights by
addressing specific limitations of NDVI, such as sensitivity to soil background,
atmospheric effects, or water content. This article provides a comparative analysis of
NDVI and other vegetation indices, evaluating their methodologies, applications,
strengths, and limitations in various environmental contexts. The analysis highlights
their performance in agricultural monitoring, forest management, and climate change
studies, drawing on recent remote sensing data and case studies.
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Introduction: Vegetation indices derived from remote sensing data are
indispensable tools for monitoring and assessing vegetation health, density, and
productivity across diverse ecosystems. These indices leverage spectral reflectance
properties of vegetation, particularly in the visible and near-infrared (NIR)
wavelengths, to quantify biophysical characteristics such as chlorophyll content,
biomass, and water status. Among these, the Normalized Difference Vegetation Index
(NDVI) stands as the most widely adopted due to its simplicity, robustness, and
compatibility with a broad range of satellite sensors. NDVI has been extensively used
in applications ranging from agricultural yield prediction to deforestation tracking and
climate change monitoring. However, its limitations, such as saturation in dense
vegetation, sensitivity to soil background, and atmospheric interference, have
prompted the development of alternative indices like the Enhanced Vegetation Index
(EVI), Soil-Adjusted Vegetation Index (SAVI), and Normalized Difference Water
Index (NDWI). These alternatives aim to address specific shortcomings of NDVI by
incorporating additional spectral bands or correction factors, thereby enhancing
accuracy in diverse environmental conditions. This article provides a comparative
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analysis of NDVI and other key vegetation indices, evaluating their methodologies,
applications, strengths, and limitations. By exploring their performance in agriculture,
forestry, and climate change studies, this study aims to guide researchers and
practitioners in selecting the most suitable index for specific monitoring objectives.

Relevance of Work

The comparative analysis of NDVI and other vegetation indices is highly
relevant in the context of modern environmental monitoring and management.
Vegetation indices serve as critical tools for understanding ecosystem dynamics,
supporting sustainable agriculture, and addressing global challenges such as climate
change, deforestation, and food security. The Normalized Difference Vegetation
Index (NDVI) has long been a cornerstone in remote sensing due to its ability to
provide consistent, scalable insights into vegetation health. However, its limitations in
specific conditions—such as saturation in dense canopies, soil background
interference, and insensitivity to water content—underscore the need for alternative
indices like the Enhanced Vegetation Index (EVI), Soil-Adjusted Vegetation Index
(SAVI), and Normalized Difference Water Index (NDWI). By comparing these
indices, this work addresses the growing demand for precise, context-specific tools to
monitor diverse ecosystems, from sparse arid landscapes to dense tropical forests. The
relevance of this analysis lies in its potential to inform researchers, policymakers, and
land managers about the strengths and trade-offs of each index, enabling better
decision-making in precision agriculture, forest conservation, and climate adaptation
strategies. Furthermore, as satellite technology advances and high-resolution, multi-
spectral data becomes more accessible, understanding the comparative performance of
these indices is crucial for leveraging new datasets effectively.

Purpose

The purpose of this study is to provide a comprehensive comparison of NDVI
and other vegetation indices (EVI, SAVI, NDWI, and others) to evaluate their
methodologies, applications, and limitations in various environmental contexts. By
analyzing their performance across agriculture, forestry, and climate change studies,
this work aims to:

1. Highlight the strengths and weaknesses of each index in different
vegetation densities and environmental conditions.
2. Guide practitioners in selecting the most appropriate index for specific

monitoring tasks, such as crop health assessment, drought detection, or biomass
estimation.
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3. Identify opportunities for integrating multiple indices to enhance
monitoring accuracy and robustness.

4. Explore future directions for improving vegetation index applications
through emerging technologies, such as machine learning and advanced satellite
sensors. Ultimately, this analysis seeks to bridge the gap between theoretical remote
sensing methodologies and practical applications, fostering more effective
environmental monitoring and sustainable resource management.

Materials and Methods: Study Area-The study was conducted across three
distinct ecosystems: a temperate forest, a semi-arid grassland, and an agricultural
cropland. These sites were selected to represent varying vegetation densities, soil
types, and climatic conditions.

Data Collection

1. Remote Sensing Data: Multispectral imagery was obtained from
Landsat 8 and Sentinel-2 satellites, acquired during the growing season (June—August
2024). Bands used included Blue, Red, Near-Infrared (NIR), and Shortwave Infrared
(SWIR).

2. Ground-Truth Data: Field measurements of leaf area index (LAI),
chlorophyll content, and soil moisture were collected using portable sensors at 50
sampling points per site.

3. Preprocessing: Satellite images were atmospherically corrected using
the FLAASH algorithm and georeferenced to ensure spatial accuracy.

Vegetation Indices

The following indices were calculated:

1. NDVI: (NIR - Red) / (NIR + Red)

2. EVI: 2.5 x (NIR - Red) / (NIR + 6 x Red - 7.5 x Blue + 1)

3. SAVI: [(NIR - Red) / (NIR + Red + L)] x (1 + L), where L = 0.5 (soil
adjustment factor)

4. NDWI: (NIR - SWIR) / (NIR + SWIR)

Analysis

1. Correlation Analysis: Pearson’s correlation coefficient was computed to

assess the relationship between each VI and ground-truth measurements (LA,
chlorophyll content, soil moisture).

2. Sensitivity Analysis: The response of each VI to variations in vegetation
density, soil brightness, and atmospheric noise was evaluated using regression
models.
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3. Comparative Performance: Indices were compared based on their
ability to distinguish vegetation types and detect stress under different environmental
conditions.

4, Statistical Tests: ANOVA was used to test significant differences in VI
performance across ecosystems.

Results and Discussion

Correlation with Ground-Truth Data

NDVI showed strong correlations with LAI (r = 0.85) and chlorophyll content (r
= 0.80) in the temperate forest, but its performance declined in the semi-arid grassland
(r = 0.65 for LAI) due to soil background interference. EVI outperformed NDVI in
sparse vegetation, with higher correlations (r = 0.78 for LAI) in the grassland,
attributed to its atmospheric correction. SAV|1 exhibited consistent performance across
all sites (r = 0.75-0.82), effectively minimizing soil brightness effects. NDWI was
highly correlated with soil moisture (r = 0.88) but less effective for vegetation density
(r=0.60).

Sensitivity to Environmental Factors

NDVI was highly sensitive to dense vegetation but saturated in the forest
ecosystem, leading to underestimation of biomass. EVI maintained sensitivity in high-
density areas, making it suitable for forests. SAVI excelled in the semi-arid grassland,
where soil exposure was significant. NDW1 was less sensitive to vegetation health but
effectively detected water stress in the cropland.

Comparative Performance

« Temperate Forest: EVI was the most reliable, capturing canopy density
without saturation. NDV I overestimated health in dense areas.

« Semi-Arid Grassland: SAVI outperformed others due to its soil adjustment,
while NDV1 was affected by soil reflectance.

« Agricultural Cropland: NDWI excelled in detecting irrigation-related stress,
complementing NDVTI’s assessment of crop vigor. ANOVA confirmed significant
differences (p < 0.05) in VI performance across ecosystems, highlighting the need for
context-specific index selection.

Discussion

The results underscore that no single V1 is universally optimal. NDV1 is effective
for general vegetation monitoring but is limited by soil and atmospheric noise. EVI is
ideal for dense vegetation, while SAVI is better suited for sparse cover. NDWI
complements these indices by detecting water stress, critical for agricultural
applications. These findings align with previous studies (e.g., Huete et al., 2002) but
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highlight the importance of multi-index approaches for comprehensive monitoring.
Limitations include the reliance on cloud-free imagery and the need for site-specific
calibration of soil adjustment factors.

Conclusion: The comparative analysis of NDVI, EVI, SAVI, and NDWI
demonstrates that each vegetation index offers distinct advantages depending on the
ecosystem and monitoring objective. NDVI is a robust tool for general vegetation
assessment but is limited by soil background and atmospheric noise. EVI excels in
dense vegetation, maintaining sensitivity without saturation, while SAVI is optimal
for sparse cover by mitigating soil reflectance effects. NDWI complements these
indices by effectively detecting water stress, particularly in agricultural settings. A
multi-index approach, combining these indices, enhances the accuracy and reliability
of vegetation monitoring across diverse ecosystems. Future research should focus on
integrating these indices with machine learning techniques to develop predictive
models for vegetation health and resilience, supporting improved environmental
management and precision agriculture.
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