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A R T I C L E  I N F O  ABSTRACT 

ORIGINAL  ARTICLE 
 Introduction: Environmental changes driven by anthropogenic and natural 

factors significantly affect human health, the environment, and economic 

systems globally. This study investigated the ecological impacts of 

environmental variables in the Yazd-Ardakan Plain using remote sensing data 

and geospatial analysis.  

Materials and Methods: Google Earth Engine (GEE) and R software were used 

to assess spatiotemporal trends from 2018 to 2023 using data from Landsat-8, 

Sentinel-2, and Sentinel-5P. Key indices, including the Normalized Difference 

Vegetation Index (NDVI), temperature, surface runoff, and concentrations of 

NO2, CO, O3, and SO2, were calculated to evaluate patterns in green space, air 

quality, temperature, and precipitation. 

Results: Elevated NO2 and CO levels were observed in the centers of Yazd and  

Ardakan, with O3 and SO2 peaking in 2019-2020 and improving by 2023. The 

highest aerosol concentrations were in 2019 and 2023, with a decrease in 2022. 

NDVI values peaked in 2020 but declined until 2023. The spatial analysis 

identified denser green spaces in Ardakan, elevated temperatures in Steel, and 

consistent precipitation across the regions. A positive correlation was found 

between temperature and pollution, whereas NDVI and precipitation showed 

negative correlations with temperature, indicating that vegetation loss 

exacerbates the effects of warming and pollution.  

Conclusion: This study highlights significant climatic and environmental 

changes in the Yazd-Ardakan plain from 2018 to 2023, including rising 

temperatures and pollution, alongside declining precipitation and vegetation. 

These trends underscore the need for targeted management strategies to mitigate 

environmental degradation, protect public health, and promote sustainable 

development through advanced monitoring and policy intervention.  
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Introduction 

Since the early 20th century, industrialization 

has played a crucial role in economic 

development, taking various forms, such as 

industrial complexes, zones, and hubs 1. Proper 

land-use planning and labor distribution are 

essential for minimizing environmental impact 

while maximizing economic benefits. However, 

industrial activities release air pollutants such as 

particulate matter (PM10 and PM2.5), sulfur oxides 
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(SOx), nitrogen oxides (NOx), volatile organic 

compounds (VOCs), and carbon oxides, posing 

significant environmental and health risks 2. 

Although industries are crucial for economic 

growth, improper planning exacerbates urban 

pollution and worsens air quality 3, 4. 

Climate change and air pollution are pressing 

global challenges that require urgent attention. Rising 

greenhouse gas emissions and surface temperatures 

contribute to extreme weather events, such as 

heatwaves, wildfires, floods, droughts, and storms 5. 

These changes directly and indirectly affect human 

health by increasing exposure to allergens and 

pollutants 6. Meteorological factors, including 

temperature, humidity, wind, and atmospheric 

mixing, affect pollutant dispersion, dilution, chemical 

transformation, and deposition 7. Climate change is 

expected to exacerbate air pollution in densely 

populated areas by altering ventilation, precipitation, 

and pollutant removal processes 8. 

Remote sensing is an advanced tool for 

environmental monitoring that enables the 

collection and analysis of Earth surface data using 

satellite sensors. Google Earth Engine (GEE) has 

emerged as a powerful platform for visualizing and 

analyzing climate and environmental variables 

such as temperature, precipitation, vegetation, and 

land cover 9-11. Several studies have highlighted the 

effectiveness of remote sensing and GEE in 

environmental studies. For instance, Moradi et al. 

(2024) developed predictive models for air 

pollution in Yazd, Iran, using meteorological and 

pollutant data 12. Ghorbanian et al. (2021) mapped 

mangrove ecosystems in Qeshm, Iran, using 

Sentinel-1 and Sentinel-2 images with the random 

forest algorithm, achieving a high classification 

accuracy 13. Karam et al. (2018) analyzed land-use 

changes in Yazd-Ardakan plain over 30 years, 

observing a decline in desert areas and expansion 

of other land uses 14. 

Other notable studies include Liu et al. (2023), 

who monitored long-term vegetation trends using 

the Normalized Difference Vegetation Index 

(NDVI) and Landsat imagery on Zhoushan Island, 

China, and showed a decline in vegetation health 

over time 15. Tabunschik et al. (2023) used 

Sentinel-5 satellite imagery and GEE to analyze air 

pollution in Crimean mountain river basins, 

identifying significant spatial and temporal 

variations in NO₂ 16. Xing et al. (2022) examined 

air quality changes in Shandong Province, China, 

before and after COVID-19 lockdowns, revealing 

substantial decreases in CO and NO₂ due to 

reduced human activity 17. 

Climate and environmental changes in industrial 

regions, such as the Yazd-Ardakan plain, are 

driven by greenhouse gas emissions, land-use 

changes, and industrial activities. These changes 

affect biodiversity, economic stability, and the 

public health. Rising temperatures, increased 

rainfall variability, and air pollution in Yazd-

Ardakan necessitate improved environmental 

management to address the challenges related to 

water scarcity, industrial expansion, and 

urbanization. Given the ecological complexity of 

the region, comprehensive spatial modeling is 

required to effectively assess and predict 

environmental and climatic transformations. 

This study aimed to model climate-environment 

interactions in the Yazd-Ardakan region using 

remote sensing data, Java coding, artificial 

intelligence, and R-based statistical analysis on the 

GEE platform. By analyzing spatiotemporal 

environmental changes, this study provides 

valuable insights into sustainable environmental 

management. This study hypothesizes that (1) 

temperature and atmospheric pollution levels have 

increased, whereas precipitation and vegetation 

cover have declined, and (2) these environmental 

changes significantly affect regional climate 

stability and overall environmental quality. 

Despite the growing body of literature on 

climate-environment interactions, there is a notable 

lack of spatial modeling studies on the Yazd-

Ardakan plain. This study fills a critical gap by 

integrating advanced remote sensing, 

programming, and statistical techniques to analyze 

time-series trends and environmental changes. 

Such an approach is crucial for developing 

effective environmental policies and management 

strategies in under-researched regions such as 

Yazd-Ardakan. 
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Materials and Methods 

 Study Area 

The present study encompassed all industrial 

parks in the Ardakan-Yazd plain. This region is 

geographically located between 31°47'31" to 

32°13'32" North latitude and 53°40'53" to 

54°27'54" East longitude, falling within UTM zone 

39. The Ardakan-Yazd plain is a significant 

industrial hub in Iran, characterized by an arid 

climate, sparse vegetation, and diverse industrial 

activities. This area faces various environmental 

challenges, including water scarcity, air pollution, 

and climatic variability, making it an ideal location 

for studying the interactions between industrial 

activities, environmental changes and climatic 

trends (Figure 1). 

 

Figure 1: Study area location in Iran and Yazd province 

 

The study area, the Ardakan-Yazd plain, has an 

arid climate characterized by hot summers, cold 

winters, and low annual rainfall. Industrial 

activities, including metal production, ceramics, 

textiles, and mining, significantly contribute to air 

and water pollution and land degradation. The 

region has predominantly flat topography, with 

mountainous areas in the north and east, which 

affects local climatic conditions and air pollutant 

dispersion patterns. Understanding these dynamics 

is crucial for developing sustainable industrial 

practices and mitigating their environmental 

impacts. 

A descriptive analysis of air pollutant levels 

from 2018 to 2023 (Figure 2) across various 

regions—Steel, Yazd, Control, Rostagh, Saduq, 

JahanAbad, Meybod, HasanAbad, and Ardakan—

revealed significant spatial variation. The highest 

NO₂ levels (Figure 2A) were in the Steel and Yazd 

regions, indicating industrial and urban emissions, 

whereas the control area had the lowest levels. The 

highest aerosol concentrations (Figure 2B) were in 

the control region, with Steel and Yazd also 

showing elevated levels, suggesting localized 
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pollution sources. CO concentrations (Figure 2C) 

were the highest in the Steel and control areas, 

with Rostagh recording the lowest values. O₃ 

levels (Figure 2D) were relatively uniform, with a 

slight increase in the control region, potentially 

due to local emission patterns. SO₂ levels (Figure 

2E) peaked in the Steel region, with notable 

variability in Saduq, indicating significant 

industrial emissions. 

These findings highlight the need for targeted 

air quality management strategies, particularly in 

industrial and urban areas where the highest 

pollutant levels were observed. Addressing 

pollution sources and implementing mitigation 

measures are essential for improving overall air 

quality and public health. 

The standard level of air pollution factors can be 

compared with the existing pollution for some 

decisions. Table 1 presents these standards. 

 

 
Figure 2: Descriptive analysis of air pollutants in Yazd and surrounding regions (A: NO2, B: Aerosol, C: CO, D: O3, 

E: SO2 mean of 2018 to 2023) (units: molecules per cm³) (https://www.esa.int/Applications/ Observing_ the_Earth/ 

Copernicus/Sentinel-5P/Sentinel-5P_brings_air_pollution_into_focus, access date 1 March 2025) 
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Table 1: Standard level of air pollution factors 

Pollutant Concentration 
Averaging  

period 
Legal nature 

Permitted  

exceedences  

each year 

Fine particles 

(PM2.5) 
25 µg/m3 1 year 

Target value to be met as of 1.1.2010 

Limit value to be met as of 1.1.2015 
n/a 

Fine particles 

(PM2.5) 
20 µg/m3 1 year 

Stage 2 limit value to be met as of 

1.1.2020 *** 
n/a 

Sulphur 

dioxide (SO2) 
350 µg/m3 1 hour Limit value to be met as of 1.1.2005 24 

Sulphur 

dioxide (SO2) 
125 µg/m3 24 hours Limit value to be met as of 1.1.2005 3 

Nitrogen 

dioxide (NO2) 
200 µg/m3 1 hour Limit value to be met as of 1.1.2010 18 

Nitrogen 

dioxide (NO2) 
40 µg/m3 1 year Limit value to be met as of 1.1.2010 * n/a 

Particulate 

matter (PM10) 
50 µg/m3 24 hours Limit value to be met as of 1.1.2005 ** 35 

Particulate 

matter (PM10) 
40 µg/m3 1 year Limit value to be met as of 1.1.2005 ** n/a 

Carbon 

monoxide (CO) 
10 mg/m3 

Maximum daily 8 

hour mean 
Limit value to be met as of 1.1.2005 n/a 

Ozone 120 µg/m3 
Maximum daily 8 

hour mean 
Target value to be met as of 1.1.2010 

25 days averaged 

over 3 years 

(https://environment.ec.europa.eu/topics/air/air-quality/eu-air-quality-standards_en) 

 

Descriptive Analysis of Environmental 

Variables in Yazd and Surrounding Regions 

(2018-2023) 

The descriptive analysis of environmental 

variables in Yazd and its surrounding regions from 

2018 to 2023 (Figure 3) revealed significant spatial 

variations. The highest NDVI values (Figure 3A) 

were observed in Ardakan and HasanAbad, 

suggesting better vegetation health and more 

favorable conditions for plant growth. Soil 

temperature (Figure 3B) peaked in the control 

region, followed by Steel and Yazd, indicating 

potential influences from industrial heat or land 

use practices. 

Surface runoff (Figure 3C) was significantly 

higher in the Steel region, suggesting potential 

water management challenges and increased soil 

erosion due to industrial activities or land-use 

changes. The air temperature at 2 m (Figure 3D) 

showed slightly higher values in the Steel, Yazd, 

and control regions, likely affected by urban heat 

island effects. The highest wind speed (Figure 3E) 

was observed in the control region, indicating 

potential effects on local climate and pollution 

dispersion. Total precipitation (Figure 3F) was 

slightly higher in the control and HasanAbad 

regions, although the overall differences were 

minor, suggesting localized variations in water 

availability. 

These findings emphasize the interplay between 

natural and human-induced factors in shaping 

environmental conditions. Addressing elevated 

runoff, localized temperature increases, and wind-

driven pollution dispersion is essential for 

improving regional environmental management 

and ensuring sustainability. 
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Figure 3: Spatial distribution of environmental variables in Yazd and surrounding regions (A: NDVI, B: Soil 

temperature 0C, C: Surface runoff mm, D: Temperature in 2m, -0C, E: Wind speed m/s, F: Total annual precipitation,  

mean of 2018 to 2023) 

 

Workflow Diagram 

This section presents a workflow diagram 

illustrating the sequential steps and methodologies 

employed throughout the study, depicting the 

systematic approach used for data collection, 

analysis, and interpretation. The workflow includes 

the integration of remote sensing data, application 

of advanced analytical tools, and utilization of 

statistical methods to achieve the study objectives 

(Figure 4). 

This workflow diagram provides a clear and 

systematic representation of the study approach, 

ensuring the transparency and reproducibility of 

the research process. This highlights the 

comprehensive nature of the study, which 

combines remote sensing, statistical analysis, and 

advanced computational tools to address the 

complex interactions between industrial activities, 

environmental changes, and climatic trends in the 

Ardakan-Yazd plain. 

 

 
Figure 4: Flowchart of the research process 
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Data Collection 

Remote sensing data acquisition and 

characteristics 

This study utilized remote sensing data and 

techniques through the GEE platform and R 

software for an in-depth spatiotemporal analysis of 

environmental and climatic dynamics in the Yazd-

Ardakan region from 2018 to 2023. This study 

employed time-series data from Sentinel-2, 

Sentinel-5P, and Landsat-8 satellites to capture and 

analyze various environmental variables. The 

integration of these datasets via the GEE platform 

facilitated a detailed examination and statistical 

analysis, as summarized in Table 2. 

 

Table 2: Details of satellite images 

Satellite Sensor Spatial Resolution Source 

Sentinel-2 
C-SAR Multi-Spectral Instrument 

(MSI) 
10 m, 20 m, 60 m  European Space Agency (ESA) 

Sentinel-5P TROPOMI 7 x 3.5 km  ESA 

Landsat-8 
 Operational Land Imager(OLI) and 

Thermal Infrared Sensor (TIRS)  

30 meters (OLI), 100 

meters (TIRS) 

United States Geological Survey 

(USGS) 

 

Overview and Application of Remote Sensing 

and Analytical Tools 

Sentinel-2 is a polar-orbiting satellite developed 

by the ESA under the Copernicus program. It 

carries a MultiSpectral Instrument (MSI) that 

captures images across 13 spectral bands with 

spatial resolutions of 10 m (visible and near-

infrared), 20 m (red edge and shortwave infrared), 

and 60 m (atmospheric correction) 18, 19. This study 

utilized Sentinel-2 data to compute the NDVI, a 

key indicator of vegetation health and land cover 

changes 20, 21. 

Sentinel-5P, developed by the ESA in 

collaboration with the Netherlands, is equipped 

with the TROPOspheric Monitoring Instrument 

(TROPOMI) for atmospheric composition 

analysis. It measures air pollutants, such as NO₂, 

CO, O₃, SO₂, and aerosols, providing essential 

data on air quality 22. This study employed 

Sentinel-5P Level 2 (L2) data to analyze the 

tropospheric pollution trends. 

Landsat-8, operated by the USGS and NASA, 

includes the OLI and TIRS with spatial resolutions 

of 30 m and 100 m, respectively 23. It was used to 

analyze the temperature, wind speed, surface 

runoff, and precipitation in Yazd-Ardakan plain. 

Analytical Tools: R software facilitated 

statistical analyses and data visualization, whereas 

GEE enabled large-scale geospatial data 

processing. These tools are instrumental in 

examining environmental trends and generating 

insights. More details on GEE can be accessed at 

https://earthengine.google.com/ (access date: 12 

Feb 2025). 

Results 

Comprehensive Comparison of NO₂ Pollution 

in Yazd and Surrounding Areas (2018–2023) 

The NO₂ figures for Yazd-Ardakan plain from 

2018 to 2023 (Figure 5) are presented in six 

sections (A–F), each corresponding to a specific 

year. Dark blue and green indicate lower NO₂ 

concentrations, whereas light blue, yellow, and red 

indicate higher concentrations. Black spots indicate 

industrial estate locations. 

In 2018 (A), NO₂ levels were low across most 

of the plain, with moderate concentrations in 

central areas, including Atrabad, Ahmadabad, and 

Meybod. Western regions like Aqda, Nedoushan, 

and Sadrabad had very low concentrations. In 

2019 (B), NO₂ levels increased significantly, with 

Yazd, Meybod, and Zarch turning red to yellow, 

indicating industrial influence. This trend 

continued in 2020 (C), with concentrations 

peaking in the central and southern areas, 

particularly in Yazd, Meybod, Zarch, and 

Atrabad. 

In 2021 (D), NO₂ levels remained high in the 

central regions but decreased in the western areas. 

By 2022 (E), pollutant levels slightly declined, 

possibly because of control measures. However, in 

2023 (F), the NO₂ levels rebounded in some 
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central and southern areas. 

Overall, NO₂ pollution in the Yazd-Ardakan 

plain increased from 2018 to 2023, peaking in 

2020. The central regions, particularly Meybod and 

Zarch, consistently experienced the highest 

concentrations, highlighting the urgent need for air 

quality management. 

 

Figure 5: Changes in NO2 pollution levels in Yazd and surrounding areas (A to F: 2018-2023) 

 

Comprehensive Comparison of Aerosol 

Pollution in Yazd and Surrounding Areas (2018–

2023) 

The aerosol trends and distribution in Yazd-

Ardakan Plain from 2018 to 2023 (Figure 6) are 

presented in six sections (A–F), corresponding to 

each year, as follows. Dark to light blue colors 

indicate lower aerosol concentrations, whereas red, 

brown, and black colors indicate higher 

concentrations. Black dots represent industrial 

estates. 

In 2018 (A), aerosol concentrations were 

generally low, though central and western areas, 

including Yazd, Zarch, Meybod, and Ahmadabad, 

showed higher levels. In 2019 (B), aerosol 

concentrations decreased, with more areas 

displaying low levels, except around industrial 

estates and in the northern regions. By 2020 (C), 

aerosol concentrations further declined, with 

industrial estate areas showing reduced levels of 

aerosol concentrations. 

In 2021 (D), aerosol levels remained similar to 

those in 2020, although they were slightly elevated 

around industrial estates. However, in 2022 (E), 

aerosol concentrations increased, particularly near 

Yazd and the industrial estates. By 2023 (F), 

aerosol levels increased significantly, with higher 

concentrations in the central and western regions, 

particularly around industrial estates. 

Overall, aerosol concentrations decreased from 

2018 to 2020, followed by an upward trend from 

2021, peaking in 2023. The central regions, 

particularly near industrial estates such as Meybod 

and Ardakan, exhibited the highest concentrations, 

reflecting the impact of industrial activities on air 

quality. 
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Figure 6: Changes in aerosol pollution levels in Yazd and surrounding areas (A to F: 2018-2023) 

 

Comprehensive Comparison of CO Pollution 

in Yazd and Surrounding Areas (2018–2023) 

The CO distribution in the Yazd-Ardakan Plain 

from 2018 to 2023 (Figure 7) is shown in six 

sections (A–F), representing each year. Red and 

yellow indicate higher CO concentrations, whereas 

blue and black indicate lower levels. Black spots 

indicate industrial estates. 

In 2018 (A), the CO levels were low across most 

areas, particularly in the central and western 

regions. Even around industrial estates, the 

concentrations remained low. In 2019 (B), no 

significant changes were observed, and low CO 

levels persisted in most areas. In 2020 (C), the 

pattern remained largely unchanged, with minor 

fluctuations near the industrial estates. 

In 2021 (D), the CO concentrations remained 

low, with no substantial changes compared to the 

previous years. This trend continued in 2022 (E), 

with low concentrations across the region and no 

notable shifts. By 2023 (F), the situation remained 

stable, with no increase in CO pollution. 

Overall, 2018 the 2023, Yazd-Ardakan Plain 

consistently experienced low CO levels from 2018 

to 2023. The spatial pattern remained stable, with 

no significant variations, even in industrial estates. 

No critically high-CO areas were identified, 

confirming that CO pollution remained minimal 

throughout the study period. 

 

Figure 7: Changes in CO pollution levels in Yazd and surrounding areas (A to F: 2018-2023) 
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Comprehensive Comparison of O₃ Pollution in 

Yazd and Surrounding Areas (2018–2023) 

The O₃ distribution in the Yazd-Ardakan Plain 

from 2018 to 2023 (Figure 8) is shown in six 

sections (A–F), representing each year. Red, green, 

and yellow indicate higher O₃ concentrations, 

whereas dark blue and black signify lower levels. 

Black spots indicate industrial estates. 

In 2018 (A), O₃ levels were relatively high in 

the central and northern areas, especially near 

industrial estates, whereas the southern and eastern 

regions had lower concentrations. In 2019 (B), the 

O₃ concentrations increased and became more 

widespread, particularly in the central and northern 

areas. This trend continued in 2020 (C), with a 

sharp increase in O₃ levels across the entire plain, 

particularly in the north and center. 

In 2021 (D), the O₃ concentrations remained 

high, particularly in the northern and eastern 

regions. In 2022 (E), the levels declined in the 

south but remained elevated in the central and 

northern areas. By 2023 (F), the O₃ concentrations 

peaked, affecting almost all the northern, central, 

and eastern regions. 

Overall, O₃ levels showed a continuous 

increase from 2018 to 2023, particularly in the 

northern and central areas near industrial estates. 

The highest concentrations were observed in 

Meybod, Ardakan, and Zarch, indicating a strong 

link between industrial activity and pollution in 

these areas. The northern, central, and eastern 

sections were the most affected, highlighting  

the impact of industrial emissions on air  

quality. 

 

Figure 8: Changes in O3 pollution levels in Yazd and surrounding areas (A to F: 2018-2023) 

 

Comprehensive Comparison of SO₂ Pollution 

in Yazd and Surrounding Areas (2018–2023) 

The SO₂ distribution in the Yazd-Ardakan Plain 

from 2018 to 2023 (Figure 9) is shown in six 

sections (A–F), each representing a year. Red, 

yellow, and green indicate higher SO₂ 

concentrations, whereas blue and black signify 

lower levels. Black spots indicate industrial 

estates. 

In 2018 (A), SO₂ concentrations were relatively 

low in the southern and eastern regions but were 

higher in the central and northern areas, 

particularly near industrial estates. In 2019 (B), 

SO₂ levels increased, especially in the central and 

northern areas, with red and yellow indicating 

higher concentrations. By 2020 (C), SO₂ 

dispersion had expanded, with significant increases 

in the central and northern areas, particularly near 

industrial estates. 

In 2021 (D), SO₂ levels rose further, with the 

highest concentrations recorded near the industrial 

estates in Meybod and Ardakan. In 2022 (E), the 

concentrations decreased in the south and east but 

remained high in the central and northern areas. By 

2023 (F), SO₂ concentrations peaked, with 

widespread red and yellow colors in the northern, 
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central, and eastern regions, reflecting the 

continued impact of industrial activities. 

Overall, SO₂ levels fluctuated, but industrial 

estates consistently showed high SO₂ 

concentrations. The most affected areas included 

Meybod, Ardakan, and Zarch, demonstrating a 

direct link between industrial activities and air 

pollution, with emissions having a significant 

effect on air quality. 

 

Figure 9: Changes in SO2 pollution levels in Yazd and surrounding areas (A to F: 2018-2023) 

 

Temporal and Spatial Variations in NDVI for 

Yazd and Surrounding Areas (2018–2023) 

A series of maps (Figure 10) illustrate the NDVI 

variations in Yazd from 2018 to 2023. In 2018 (A), 

NDVI values were low, indicating sparse 

vegetation, with slightly higher values in the 

northern and northwestern regions. In 2019 (B), 

NDVI increased, particularly in the central and 

southern areas, likely due to improved climatic 

conditions or agricultural activity. 

By 2020 (C), NDVI peaked, especially in the 

western and southwestern areas, reflecting optimal 

vegetation growth, possibly due to favorable 

weather or increased water availability. In 2021 

(D), NDVI declined, most notably in the eastern 

and southeastern parts, likely due to drought or 

environmental stress. In 2022 (E), a partial 

recovery occurred, particularly in the northeastern 

and central regions, indicating improved climatic 

conditions or successful interventions. By 2023 

(F), the NDVI values stabilized, with moderate 

vegetation cover across the region. The northern 

areas continued to exhibit slightly higher NDVI 

values than the southern areas, reflecting variations 

in soil fertility, water availability, and land use. 

Overall, NDVI trends highlight the effects of 

climate and environmental factors on vegetation 

cover. The northern and western regions 

consistently showed higher NDVI values, whereas 

the southern and eastern areas faced challenges 

owing to lower water availability. Continuous 

monitoring and effective management strategies 

are crucial for sustaining vegetation and 

agricultural health in Yazd, Iran. 
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Figure10: Temporal and spatial variations in NDVI for Yazd and surrounding areas (A to F: 2018-2023) 

 

One-Way ANOVA Analysis of Air Pollutants 

(2018–2023) 

The one-way ANOVA results highlighted 

variations in air pollutant levels (NO₂, Aerosol, 

CO, O₃, and SO₂) from 2018 to 2023 (Figure 11). 

NO₂ (A): The lowest levels were in 2018 (‘a’), 

peaked in 2021 and 2022 (‘e’ and ‘b’), then 

declined in 2023 (‘d’), indicating a pollution surge 

followed by a reduction. 

Aerosol (B): Peaks were observed in 2018 and 

2023 (‘a’ and ‘d’), while the lowest levels occurred 

in 2020 and 2021 (‘c’ and ‘e’), showing 

fluctuations in the data. 

CO (C): No significant differences were 

observed, suggesting stable CO concentrations. 

O₃ (D): The median values remained consistent, 

indicating minimal variation. 

SO₂ (E): The highest levels appeared in 2018 

and 2019 (‘a’ and ‘e’), followed by a notable 

decline in 2022 and 2023 (‘b’ and ‘d’), reflecting 

effective pollution control measures. 

NO₂ and aerosol levels fluctuated, CO and O₃ 

remained stable, and SO₂ significantly declined 

due to environmental policies. 

 
Figure 11: One-Way ANOVA results for air pollutant medians (A to E: 2018-2023) 
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One-Way ANOVA Analysis of Environmental 

Variables (2018–2023) 

One-way ANOVA results revealed significant 

temporal variations in environmental factors from 

2018 to 2023 (Figure 12). 

NDVI (A): Increased in 2019 and 2021, 

indicating improved vegetation health, but declined 

in 2022 and 2023, suggesting reduced vegetation 

cover. 

Soil Temperature (B): Remained stable from 

2018 to 2022, with a notable rise in 2023, possibly 

due to climatic or land-use changes. 

Surface Runoff (C): Peaked in 2021 and 2022, 

likely due to increased precipitation, and then 

declined in 2023, reflecting shifts in rainfall or land 

management. 

Temperature at 2 Meters (D): Showed a 

consistent trend with spikes in 2021 and 2023, 

potentially affected by climatic fluctuations. 

Wind Speed (E): Increased gradually from 2018 

to 2023, indicating evolving meteorological 

conditions. 

Total Precipitation (F) peaked in 2020 and 2021, 

followed by a decline in 2023, suggesting drier 

conditions or shifting weather patterns. 

These results underscore significant interannual 

variability, highlighting the need for continuous 

monitoring and adaptive environmental 

management. 

 
Figure 12: One-Way ANOVA results for environmental variables medians (A to F: 2018-2023) 

 

Temporal Trends in Pollution Variables (2019–

2023) 

The graphs illustrate pollutant concentration trends 

from March 2019 to November 2023 (Figure 13). 

NO₂ (A): Showed a significant increase, with 

peaks in summer (June and September), likely due 

to higher vehicular and industrial emissions. 

UV Aerosol Index (B): Minor fluctuations were 

observed with a slight upward trend, indicating 

stable aerosol pollution with seasonal variations. 

CO (C): Remained relatively stable with 

occasional peaks, suggesting steady pollution levels 

with periodic fluctuations; 

O₃ (D): Exhibited a cyclical pattern, with higher 

concentrations in summer, driven by photochemical 

reactions and higher temperatures. 

SO₂ (E): Mostly stable with annual peaks, 

possibly linked to seasonal industrial activities or 

heating. 

Key Insights 

Seasonal variations significantly affect pollutants 
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such as NO₂, O₃, and SO₂, with peaks in the 

warmer months. While CO and the UV Aerosol 

Index remained stable, NO₂ and O₃ showed 

pronounced seasonal cycles. 

Implications 

Understanding these trends can help in designing 

seasonal pollution control measures and targeted 

policies to effectively improve air quality. 

 

 
Figure 13: Trends in pollutant concentrations (NO2, Aerosol, CO, O3, and SO2) from March 2019 to November 2023 

 

Discussion 

Environmental and Pollution Trends in Yazd-

Ardakan Plain (2019–2023) 

Environmental monitoring and pollution 

management have become critical due to rapid 

industrialization and urbanization, especially in 

arid and semi-arid regions such as the Yazd-

Ardakan plain in Iran 24. This study aimed to 

explore the relationships between environmental 

and climatic factors using remote sensing data and 

GEE and R software. Parameters such as 

temperature, pollution levels (NO ₂, CO, O ₃, SO 

₂, and aerosols), precipitation, and NDVI were 

analyzed to understand their implications for 

regional climate stability and sustainable 

development. 

Temperature and Pollution Trends 

Landsat-8 data revealed a consistent upward 

trend in temperature across the Yazd-Ardakan 

plain, consistent with global research on rising 

temperatures in arid regions due to both natural 

climate variability and anthropogenic influences 25. 

The temperature increase is linked to rising 

pollution levels. Sentinel-5P data showed elevated 

concentrations of pollutants (NO₂, CO, O₃, SO₂, 

and aerosols), which correlated positively with 

higher temperatures, reinforcing the findings on 

the urban heat island effect, where pollution 

exacerbates temperature increases 25.  

Precipitation and Vegetation Trends 

Precipitation and vegetation cover showed a 

significant decline over the study period, aligning 

with the findings of Liu et al. (2018), who reported 

decreasing vegetation in arid regions due to 

reduced rainfall 26. The decrease in NDVI values in 

the study suggests that declining vegetation cover, 

which contributes to heat regulation through 

evapotranspiration, exacerbates the rise in 

temperature 27. This reduction in vegetation is 

consistent with the findings of Taghizadeh-

Mehrjardi et al. (2020), who highlighted the 

negative impact of water scarcity on vegetation in 

Iran 28. 

Regional Variations and Industrial Impact 

The study found regional variations within the 

Yazd-Ardakan plain. Ardakan and Hasan Abad 
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exhibited higher NDVI values, indicating healthier 

vegetation, likely due to better land management 

practices than in the industrial zones. These 

findings align with those of studies showing that 

effective vegetation management can mitigate the 

impacts of environmental stress 29. The highest soil 

temperatures were observed in the control region, 

likely due to industrial activities. Surface runoff 

was significantly higher in the Steel region, 

consistent with the presence of impermeable 

surfaces and poor water management, which is 

typical of industrial areas 30. 

Pollution Distribution and its Effect on Climate 

The spatial distribution of pollutants across 

regions, such as Steel, Yazd, and control, showed 

significant variability. The highest concentrations 

of NO₂ and aerosols were found in industrial 

zones, which aligns with the findings of Zohdirad 

et al. (2019) 31, who identified industrial 

emissions as major pollution sources. Similarly, 

CO and SO₂ concentrations followed a similar 

pattern, with elevated levels in industrial areas, 

highlighting the impact of local emissions on the 

air quality. 

Climate Stability and Policy Implications 

Increasing temperatures, coupled with declining 

precipitation and vegetation, contribute to regional 

climate instability, as observed by Dai and 

Bloecker (2019) 32. This instability has 

implications for water resource and land 

management 33. These findings emphasize the need 

for adaptive strategies to address environmental 

changes. Xiong et al. (2023) noted that declining 

vegetation and water availability will continue to 

affect climate stability unless properly managed 34. 

This study confirmed both hypotheses, 

demonstrating that trends in temperature, air 

pollution, precipitation, and vegetation cover 

significantly affect the environmental quality and 

regional climate stability. By utilizing remote 

sensing data, GEE, and R software, the present 

study developed a comprehensive monitoring 

framework that can guide air quality management 

and inform policymakers for sustainable 

development 35. 

Conclusion 

This study analyzed climatic and environmental 

changes in the Yazd-Ardakan plain from 2018 to 

2023, revealing significant trends in temperature, 

pollution, precipitation, and vegetation cover. The 

results indicated an increase in temperatures and 

pollutant concentrations, including NO₂, CO, O₃, 

SO₂, and aerosols, which were strongly correlated 

with decreasing precipitation and vegetation cover. 

These environmental shifts have worsened air 

quality, exacerbating the urban heat island effect 

and contributing to public health risks such as 

increased heat stress and respiratory diseases. 

Furthermore, the reduction in precipitation and 

vegetation significantly affects water resource 

management, compounding the challenges faced 

by the region’s semi-arid climate. 

This study emphasizes the need for targeted 

pollution control and strategic environmental 

interventions to address these issues. Future 

research should build on these findings by 

integrating global studies and incident assessments 

to refine management strategies and guide 

policymakers. Using advanced monitoring 

technologies, such as remote sensing and 

geographic information systems, this study provides 

valuable insights into mitigating environmental 

degradation and promoting sustainable development 

in the Yazd-Ardakan plain and similar regions 

globally. The implementation of these strategies is 

critical for enhancing environmental resilience and 

ensuring long-term ecological stability. 
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