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Abstract

A trio of environmental factors — climate, parent material, and topography — were analyzed using satellite
imagery to estimate a unified biodiversity index for soil-dwelling Proteobacteria. Climate indicators included
NDVI, LST, SMI, LAI, and Albedo; parent material was assessed through metrics like CMR, CI, NDCI, SWIR
Ratio, and K/SSSI; and topographic variables encompassed Elevation, Slope, Aspect, TPI, TWI, Flow
Accumulation, and Curvature. To construct a universal Soil Biodiversity Equation, these indicators must be
correlated with biodiversity indices and integrated into artificial neural network modeling — ultimately leading
to a universal formula for microbial ecological diversity. The outcome of this equation leads to the formulation
of a unified global index for quantifying the biodiversity of soil-dwelling Proteobacteria — effectively serving
as a universal Soil Biodiversity Equation.

Keywords: Biodiversity, Geomorphometric Parameters, Soil, Shannon Index

Abstract:

Global Soil Biodiversity Faces Mounting Threats. Scientists Push for a Universal Equation.
As threats to biodiversity in soil ecosystems intensify (Sadeghi Pour Marvi, 2020a; Tibbett,
Fraser & Duddigan, 2020), researchers and environmental stakeholders are increasingly
focused on monitoring biodiversity indicators to assess ecological shifts and design
responsive management strategies (Sadeghi Pour Marvi, 2020b; Cameron et al., 2025).
Although a formal “Global Biodiversity Equation” for soil has yet to be proposed (Sadeghi
Pour Marvi, 2020c), a growing body of literature underscores the urgent need for modeling
and theoretical frameworks in this domain (Delgado-Baquerizo et al., 2025; Cameron et al.,
2021; FAO, 2025; Tsiafouli et al., 2015; Geisen et al., 2019).

One major challenge lies in the comparability of biodiversity indices across ecosystems. For
example, a Shannon diversity index of 2.7 in the arid soils of Yazd, Iran, cannot be directly
compared to the same index value in the humid tropics of Africa. Differences in climate,
topography, parent material, biological activity, and soil age mean that resilience and
ecological potential vary widely—even when the numerical biodiversity index appears
identical. In such cases, the Shannon index alone cannot reliably reflect an ecosystem’s
capacity to withstand environmental stressors.

Global studies have revealed a wide range of biodiversity metrics in soil ecosystems
(Bardgett & van der Putten, 2014; Wall et al., 2015; Griffiths et al., 2011; Bach et al., 2020;
Guerra et al.,, 2021), yet these figures remain difficult to compare across regions.
International efforts to standardize soil biodiversity indicators (Orgiazzi et al., 2016) have so
far fallen short—partly due to limited integration of remote sensing and satellite imagery.

This article revisits the concept of a “Global Biodiversity Equation” for soil (Sadeghi Pour
Marvi, 2020c), proposing a unified index that could enable meaningful comparisons across
ecosystems worldwide. Given the complexity of biodiversity across macro- and
microorganisms, a single equation is not currently feasible. Therefore, this study focuses on
soil-dwelling Proteobacteria—recognized as key players in soil health and ecosystem
function (Osburn et al., 2023). It argues that separate biodiversity models must be developed
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for other life forms, such as earthworms, algae, and fungi, to ensure accurate cross-ecosystem
evaluations.

The Three Pillars of Universal Soil Biodiversity Equation for Proteobacteria

In a groundbreaking effort to quantify microbial biodiversity in soils, researchers have
proposed a Universal Soil Biodiversity Equation for Proteobacteria (USBE) defined by three
core environmental dimensions: climate (Cl;), parent material (P'), and relief or topography
(Ri). Expressed as:

Yusse = f(Cli + Pi + Ri)

This formula aims to capture the ecological complexity of soil-dwelling Proteobacteria, a
microbial group essential to soil health and ecosystem resilience.

Climate (Cli): Climatic parameters such as precipitation, average annual soil temperature,
relative humidity, and sunlight hours significantly influence microbial diversity (Zhang et al.,
2025). These can be estimated using satellite-derived indices including:

NDVI (Normalized Difference Vegetation Index) — vegetation health

LST (Land Surface Temperature) — soil surface temperature

SMI (Soil Moisture Index) — moisture content

LAI (Leaf Area Index) — canopy density

Albedo — surface reflectivity and heat absorption (Skidmore et al., 2025; Chariton et
al., 2025; Anderson & Haddad, 2025)

Parent Material (Pi): The mineral composition of soil—particularly silicate clays like
montmorillonite, kaolinite, and chlorite—affects its cation exchange capacity (CEC), a key
determinant of microbial habitat quality (NumberAnalytics, 2025; Soil Survey Staff, 2022).
For example, soils classified as fine, smectitic, mesic Typic Haplustert exhibit high CEC and
active clay minerals, while kaolinitic soils show lower activity. Satellite-derived clay indices
include:

CMR (Clay Mineral Ratio)

Cl (Clay Index)

NDCI (Normalized Difference Clay Index)

SWIR Ratio (Shortwave Infrared Ratio)

K/SSSI (Kaolinite/Smectite Spectral Signature Index) These are extracted via spectral
analysis using sensors like ASTER, Landsat, and Sentinel-2 (Ben-Dor et al., 2025;
Zhang et al., 2025; Gholizadeh et al., 2025).

Relief (Ri): Topographic variation—mountains, hills, plains—shapes soil formation and
microbial distribution. Digital Elevation Models (DEMs) provide key indicators such as
(Zhang et al., 2025; Skidmore et al., 2025; Gholizadeh et al., 2025):

Elevation

Slope

Aspect

TPI (Topographic Position Index)
TWI (Topographic Wetness Index)
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e Flow Accumulation
e Curvature

By integrating these satellite-derived indices into machine learning frameworks—such as
artificial neural networks and random forest models—scientists can model the relationship
between environmental variables and microbial biodiversity. The ultimate goal: a
standardized, scalable equation that enables global comparison of soil biodiversity, starting
with Proteobacteria and eventually extending to other life forms like earthworms, algae, and
fungi.

Conclusion: Toward a Universal Soil Biodiversity Equation

By integrating satellite-derived data across three key environmental dimensions—climate,
parent material, and topography—researchers have laid the groundwork for a unified
biodiversity index focused on soil-dwelling Proteobacteria. Climate indicators such as NDVI,
LST, SMI, LAI, and Albedo capture vegetation health, temperature, and moisture. Parent
material is assessed through spectral indices like CMR, CI, NDCI, SWIR Ratio, and K/SSSI,
reflecting mineral composition and clay activity. Topographic features including Elevation,
Slope, Aspect, TPI, TWI, Flow Accumulation, and Curvature provide insight into landscape
structure and hydrological dynamics.

These variables, when correlated with biodiversity indices and modeled through artificial
neural networks, converge into a proposed global biodiversity equation. The result is a
standardized metric capable of quantifying microbial diversity across ecosystems—an
essential step toward understanding and managing the resilience of soil life in a changing
world.
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