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The degradation of vegetation is an essential parameter for studying
environmental changes. Therefore, understanding the processes and
factors affecting vegetation changes is crucial. In this study, we used
remote sensing data from the MODIS sensor and reanalyzed data from
ERAGS to investigate the trend of changes in Normalized Difference
Vegetation Index (NDVI), Land Surface Temperature (LST), actual
evaporation and transpiration (ET), and rainfall in Hormozgan
province. The data was analyzed using the Man-Kendall method and
Sen’s slope estimates between 2001 and 2022. Then, the correlation
between vegetation cover and temperature, evaporation and
transpiration, and rainfall in this period was calculated. Investigating
the trend of monthly vegetation changes using the Mann-Kendall
statistic showed that the vegetation has increased in more than 80% of
the province's area, and the slope of the estimate also confirms this
increase. The examination of the changes in the temperature of the
earth's surface, actual evaporation transpiration, and rainfall also
showed that the trends of the changes in evaporation, transpiration,
temperature of the earth's surface, and rainfall were increasing in most
months. This increase was seen in over 65, 85 and 61% of the
province, respectively. Investigating the correlation between
vegetation cover and surface temperature index showed that this
relationship is negative and strong in cold months. Examining the
relationship between vegetation and actual evaporation and
transpiration also showed that this relationship is positive in most
months and more than 53% of the province. The investigation into the
correlation between vegetation cover, and rainfall indicates that this
relationship is predominantly positive throughout most months and is
observable in over 54% of Hormozgan province. These findings
suggest that it is feasible to use remote sensing data to analyze the
connections between various variables, vegetation changes, and their
evolution over time.

Citation:, Shamsaei, N., Mahdavi, R., khoorani, A. & Gholami, H. (2025). Investigating the impact of land surface
temperature, evaporation, transpiration, and rainfall on changes in vegetation cover: a case study of Hormozgan
province. Journal of Geography, 22 (83), 93-121.

e hitp://doi.org/10.22034/jiga.2025.2036593.1319

© The Author (5). Publisher: Iranian Geographical Associati
This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/)




Extended Abstract

Introduction

In recent decades, land degradation has emerged as a critical global environmental issue that has
garnered attention from researchers, planners, and policymakers. It refers to the temporary or
permanent decline in land productivity due to physical, chemical, and biological factors
impacting agricultural production, ecosystem functions, quality of life, and human livelihood.
Vegetation and soil degradation, leading to the loss of high-quality vegetation and soil, are
considered significant forms of land degradation worldwide. Remote sensing data has become
valuable and reliable for studying land degradation, particularly in assessing long-term
ecosystem function decline. Vegetation cover, often measured using the normalized vegetation
cover index (NDVI) derived from satellite data, is a crucial parameter for investigating land
degradation. Studies have explored its relationship with other factors such as land surface
temperature (LST), evapotranspiration, and precipitation. This study aims to analyze changes in
vegetation trends in Hormozgan province and its correlation with evapotranspiration, surface
temperature, and rainfall using MODIS sensor data from 2001 to 2022.

Methodology

In this study, we used the Normalized Vegetation Index (NDVI) data from the MODIS sensor
(MOD13A3) to examine changes in land surface vegetation. The NDVI data was collected
monthly with a 1000-meter resolution. Additionally, we utilized MOD16A2 and MOD11A2
products to analyze evaporation, transpiration, and ground surface temperature. These products
have spatial resolutions of 500 and 1000 meters and cover 8 days. We downloaded ET, NDVI,
and LST data from the United States Geological Survey (USGS) website in HDF format,
spanning 2001-2022. Furthermore, we used reanalyzed ERAS5 data from the ECMWF database
to assess monthly rainfall trends. To prepare the data for analysis, we utilized the geographical
longitude and latitude coordinate system and processed it using Acgis10.8 and Terrset software.
| analyzed the changes in vegetation cover, evaporation, transpiration, land surface, and rainfall
from 2001 to 2022 using the non-parametric Mann-Kendall analysis and Sen’s slope estimation.
Initially presented by me and later developed by Kendall, this test is based on data ranks in a
time series. It is used to determine trends. Additionally, | used the slope of the age estimator to
assess the accuracy and enhance the process. Furthermore, in Terrset software, | performed a
correlation analysis to examine the relationship between vegetation and soil surface indicators,
evaporation, and rainfall. The correlation coefficient ranges between -1 and +1, where a positive
value indicates a direct relationship and a negative value indicates an inverse relationship
between the two changes.

Results and Discussion

The analysis of spatial and temporal changes in vegetation cover index (NDVI),
evapotranspiration (ET), land surface temperature (LST), and monthly rainfall from 2001 to
2022 indicates that during winter and early spring, the vegetation cover index,
evapotranspiration, and precipitation reach their highest values, while the land surface
temperature shows its lowest value during these months. Over the 22 years, the average spatial
changes in NDVI reveal that the highest vegetation cover is primarily located in the region's
northern, northeastern, and northwestern parts, aligning with the monthly rainfall patterns
during this period. The examination of the land surface temperature index (LST) indicates that
the highest values are observed in the southern parts of Hormozgan province, particularly in the
Persian Gulf and Oman Sea. The analysis of changes in the z-kendall index of the NDVI
(Normalized Difference Vegetation Index) showed an increase throughout all the months
studied, with the increase observed in over 80% of Hormozgan province. The examination of
the slope of the monthly estimator confirmed the increase in vegetation cover during these
months. Similarly, the z-kendall evapotranspiration index analysis indicated an increase in the
evapotranspiration index in most months, occurring in over 54% of the region. The slope of the
estimator for evaporation and transpiration index also supported these findings. The z-Kendall
LST (Land Surface Temperature) index exhibited increasing trends in the majority of months
over the 21 years, encompassing over 61% of the area. The slope statistics of the age estimator



for this index confirmed the monthly increase in the Hormozgan province. Lastly, based on the
z-Kendall change, the rainfall index over the 21 years increased in most months, covering more
than 76% of the province. The slope statistics of the age estimator of this index also supported

the monthly increase .From 2001 to 2022, the monthly correlation between the vegetation cover

index and the evapotranspiration index in Hormozgan province indicated a strong positive
relationship in most months, covering over 80% of the province. Additionally, the vegetation
cover index and surface temperature correlation showed a predominantly negative relationship,
especially during autumn and winter, covering more than 54% of the area. Furthermore, the
correlation between the vegetation cover index and the rainfall index revealed a positive

relationship in over 54% of the province for most months over the 21 years.

Conclusion

The analysis of monthly vegetation changes in Hormozgan province using Mann-Kendall
statistics and the age estimator slope indicates that there has been an increase in vegetation
cover in over 80% of the area. The study by Eskandari Doman et al. in 2019 confirmed that the
trend of vegetation changes, as indicated by the NDVI index between 2018 and 2019, showed a
significant increase, particularly in the higher classes of the index (exceeding 0.4). Furthermore,
examining changes in the earth's surface temperature, evaporation, transpiration, and rainfall
revealed that these factors increased in most months, with increases observed in over 65%, 85%,
and 61% of the province, respectively. The study also found a correlation between vegetation
cover and earth surface temperature, indicating a positive relationship in most areas of the
province and both negative and positive correlations between evaporation, transpiration, and
rainfall. Given the comprehensive nature of this study, it is recommended to conduct similar
research and compare the results with those presented here.
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