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Objective: This study investigates vegetation degradation across Iran by utilizing Soil Temperature
(ST) and Soil Water Volumetric (SWV) data, with a focus on understanding the spatiotemporal
dynamics and relationships among these variables.

Method: The Normalized Difference Vegetation Index (NDVI), derived from MODIS satellite
products, served as the primary indicator for vegetation health and coverage. Concurrently, ST and
SWV data were sourced from the ERAS reanalysis dataset, spanning a temporal range from 2001 to
2022 and offering a spatial resolution of 10 km. To ensure robust analysis, the Mann-Kendall
nonparametric test and Sen’s slope estimator were employed, enabling the detection of statistically
significant trends in the time series data. Additionally, Pearson correlation tests were conducted to
assess the relationships between NDVI, ST, and SWV.

Results: The results revealed intriguing patterns in the temporal and spatial behavior of NDVI,
SWV, and ST across Iran. Specifically, NDVI demonstrated a positive trend in 81.75% of the study
area, predominantly in the northwest and southeast regions. Similarly, SWV and ST exhibited
positive trends in 47.09% and 75.84% of the country’s area, respectively. These trends highlight
notable regional variations in vegetation response to soil moisture and temperature conditions over
the two-decade study period. The correlation analysis provided deeper insights into the interplay
among these variables. NDVI and SWV were positively correlated in 90.49% of the study area, with
strong positive correlations observed in 42.25% of the regions, indicating that vegetation health
improves with increasing soil water content. Conversely, negative correlations were noted in only
9.5% of the area, with strong negative correlations accounting for a mere 0.82%, emphasizing the
overall beneficial role of soil water availability. In contrast, the relationship between NDVI and ST
exhibited predominantly negative correlations, covering 71.16% of the study area. Strong negative
correlations were found in 16.26% of the regions, suggesting that rising soil temperatures could
adversely affect vegetation health, particularly in temperature-sensitive ecosystems. Positive
correlations were limited to 25.84% of the area, with strong positive correlations observed in just
1.87%. Land-use-specific analysis further refined these results. NDVI displayed a positive
correlation with SWV in grasslands, barelands, croplands, and pasturelands across all altitude
classes. However, in forested regions situated at altitudes between 1500-2000 meters and above
2000 meters, the correlation turned negative, reflecting unique hydrological and ecological
dynamics. Similarly, NDVI correlated positively with ST in barelands and grasslands but showed a
negative correlation in forests, croplands, and pasturelands, underscoring the complex interaction
of vegetation types with soil temperature and water dynamics in varying environmental contexts.
Conclusions: Combining remote sensing and reanalysis data provides a reliable database for
monitoring and modeling vegetation coverage, soil moisture, and temperature, and consequently,
desertification and land degradation. It is important to note that this research was conducted over an
annual timescale. Further investigations are warranted to explore the monthly relationships between
the analyzed indices and their implications for land degradation.
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Introduction

Land degradation is a temporary or permanent decrease in the productivity of land due to the destruction of its
physical, chemical, and biological characteristics, which strongly affects agricultural production, quality of
life, and ecosystem functions. Monitoring and assessing land degradation and identifying its characteristics is
necessary for managing and improving land quality. Various indicators such as climatic variables, vegetation
indicators, and desertification indices, as well as various methods, are used to monitor land degradation. In the
land degradation literature, the Normalized Difference Vegetation Index (NDVI) has been introduced as an
effective and powerful index for monitoring vegetation characteristics under different conditions.

Recent progress in Remote Sensing (RS) and Geographic Information Systems (GIS) reveals that remote
sensing is a powerful tool for assessing earth resources such as soil temperature, soil moisture, and vegetation.
It is also effective in analyzing land use changes and land degradation. Iran has been severely affected by land
degradation processes such as soil erosion, reduction of soil productivity, and water quality. Therefore, it is
necessary to analyze the spatial variability of land degradation and desertification by using edaphic-climatic
parameters and vegetation data, as well as understanding the relationships between these parameters.

This study aims to investigate the relationship between soil temperature (ST), soil moisture volume (SMV),
and vegetation in different altitude classes and land uses from 2001 to 2022 in Iran.

Method

Iran, spanning approximately 1,648,000 square kilometers, occupies a geographical position in Southeast Asia,
situated between latitude 25° and 40° north and longitude 44° and 64° east. Its terrain is primarily characterized
by mountainous regions and a semi-arid climate, with an average elevation exceeding 1200 meters above sea
level. The notable mountain ranges within Iran are the Alborz and Zagros, extending from west to east and
from northwest to southeast, respectively. These mountainous formations exert significant influence on the
temporal and spatial distribution of precipitation, temperature, moisture, and other climatic variables.
Consequently, regions in the northern and western parts of the country experience a Mediterranean and semi-
humid climate, whereas semi-arid and extremely arid climates predominate in the central parts of the country
(Derakhshandeh et al., 2023a).

The highest precipitation levels are observed around the Caspian Sea and the western extents of the Zagros
Mountain range, while the lowest levels are recorded in the central and eastern regions. On average, Iran
receives approximately 240 mm of rainfall annually (Derakhshandeh et al., 2023b). A substantial portion of
the country falls within the belt of arid regions globally, with 65% of its territory characterized by arid climates,
20% categorized as semi-arid, and 5% as Mediterranean semi-arid and semi-humid zones.

NDVI data were downloaded from MODIS products (MOD13), and ST and SWV data were obtained from
ERAS reanalysis data (ERAS5-Land) from 2001 to 2022 with a spatial resolution of 10 km. The Mann-Kendal
(MK) non-parametric test, Sen's slope estimator, and correlation analysis were used to analyze the data. The
relationship between the variables was investigated for five altitude classes and various land uses.

The MCD12Q1 product, with a resolution of 500 meters, was used for 2001-2022 to investigate land use and
land surface coverage changes. The land use map was prepared in seven land use classes: bare lands,
vegetation, forest, pasture, grassland, water area, and man-made area. Additionally, a 30-meter ASTER-driven


https://modis.gsfc.nasa.gov/data/dataprod/mod13.php
https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-land?tab=overview

437 The Interrelationship Among Vegetation, Soil Water Volume and ... (Sepeedeh Behroozeh et al.,)

Digital Elevation Model (DEM) was used to determine the elevation classes of the country, which include
<500m, 500-1000m, 1000-1500m, 1500-2000m, and >2000m.

Results and discussion

The results of the spatial changes of vegetation cover, soil temperature (ST), and soil water volume (SWV)
showed distinct patterns across Iran. The highest values of the NDVI index were recorded in the northern,
northwestern, western, and southwestern regions, with an average NDVI value of 0.13. Maximum soil
temperatures were observed in the east, southeast, south, and southwest regions, with an average value of 20.38
°C. The highest average soil moisture values were found in the northwest, north, and scattered parts of the
northeast and west, averaging 0.11 m3/m?.

Based on the Mann-Kendall statistics, NDVI, SWV, and ST showed increasing trends of over 81.75%, 47.09%,
and 75.84% of the country's area, respectively, with statistical significance in 48.69%, 5.15%, and 14.90% of
the study area. The NDVI showed a positive correlation with SWV in 90.49% of the area, with a strong positive
correlation in 42.25%, a negative correlation in 9.5%, and a strong negative correlation in 0.82% of the country.
Meanwhile, NDVI showed a negative correlation with ST in 74.16% of the area, with a strong negative
correlation in 16.26%, and a positive correlation in 25.84% of the study area, of which 1.87% was a strong
positive correlation.

The correlation between NDVI and SWV was positive across different elevation classes for grassland, bare
land, agricultural land, and pasture land uses, and negative for the forest land use class in the 1500-2000 m and
>2000 m elevation classes. Additionally, NDVI showed a positive correlation with ST in different elevation
classes for bareland and grassland classes and a negative correlation in agricultural land, forest, and pasture
land use classes.

Generally, NDVI shows an increasing trend and a positive correlation with SWV and a negative correlation
with ST. These findings align with previous studies by Jiang et al. (2015) and Eskandari Damane et al. (2021c),
which demonstrated a positive correlation between vegetation and soil water volume. Specifically, they
observed that areas exhibiting higher soil moisture content tended to record maximum Normalized Difference
Vegetation Index (NDVI) values.

Conclusions

Therefore, combining remote sensing and reanalysis data provides a reliable database for monitoring and
modeling vegetation coverage, soil moisture, and temperature, and consequently, desertification and land
degradation. It is important to note that this research was conducted over an annual timescale. Further
investigations are warranted to explore the monthly relationships between the analyzed indices and their
implications for land degradation. Additionally, it is recommended to examine other influential variables in
land degradation, such as air temperature, evapotranspiration, and precipitation.

By incorporating these additional variables and examining the monthly data, future research can provide a
more comprehensive understanding of the dynamic processes influencing vegetation changes and land
degradation. This will further enhance the capability to develop targeted strategies for sustainable land

management and conservation efforts in Iran and similar regions.
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