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Article Information Abstract

Aim: The southern part of Yazd Province, particularly in Khatam and Abarkuh
counties, is more exposed to desertification due to limited rainfall, rising
temperatures, and human pressure. This study aims to analyze the spatio-
Vol: 17 temporal trends of desertification and its influencing climatic factors from 2000
to 2022 using remote sensing and climatic variables.

Research Paper

e E Material & Method: The study examined vegetation cover index (NDVI),
P: 195-220 Palmer Drought Severity Index (PDSI), precipitation, runoff, and

Tl .00 minimum/maximum temperatures. Data were extracted from MODIS,
Receved: 2025-09-22 TerraClimate, and WorldClim satellite products and processed using ArcGIS, R
Revised: 2025-11-03 programming, and Google Earth Engine. The non-parametric Mann-Kendall test
Accepted: 2025-11-05 was applied to determine trends, and the Pearson correlation coefficient was

calculated to assess relationships between NDVI and other variables.

Published:  2026-08-01 Findings: Results show a significant decline in NDVI across over 85% of

southern Yazd Province (—0.026 per month), mainly driven by reduced
precipitation (65% of pixels), lower runoff (60%), and negative PDSI values
Keywords: (70%). The decline was most severe in low-elevation, arid areas, affecting up to
90% of pixels. Minimum and maximum temperatures increased in over 80% of

o Desertification . . . . . .
the region, accelerating evapotranspiration and soil moisture loss. Persistent

e South of Yazd Province

e Desertification indicators negative PDSI values indicate long-term droughts. Time-series analysis

e Environmental changes confirmed significant decreases in NDVI (Z = —4.21) and PDSI (Z = -2.04),

* Google Earth Engine with no significant trends in precipitation (Z = 1.02), runoff (Z = 1.08), or
temperature.

Conclusion: Desertification in southern Yazd stems from the combined effects

of declining precipitation (65%), runoff reduction (60%), temperature rise
Cite this Article: (80%), and recurrent droughts (70%). If current trends persist, the ongoing
Behzadi, Zahra, & Sharifi Paichoon, NDVI decline (=0.026 per month) could result in over 30% vegetation loss
Mohamad. (2026). Revealing and Within the next decade, severely threatening ecosystem stability.

analyzing the temporal-spatial trend of Innovation: The innovation lies in the integrated use of long-term satellite data,
desertification in the south of Yazd trend analysis, and correlation assessment of these parameters with NDVI.
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Extended Abstract

1. Introduction

Desertification is one of the most complex and serious environmental challenges in the arid and semi-arid
regions of the world, particularly in the central plateau of Iran. This phenomenon, which occurs gradually
under the influence of both natural and anthropogenic factors, leads to ecosystem degradation, soil
deterioration, loss of vegetation cover, decline in water quality, and ultimately, the destabilization of local
livelihoods. Yazd Province, due to its geographical position within the global arid belt, is among the most
susceptible regions in Iran to desertification. Among its territories, Khatam and Abarkouh counties in the
southern part of Yazd Province are particularly vulnerable, owing to their extremely low annual
precipitation (less than 120 mm), high summer temperatures (exceeding 45°C), high evapotranspiration
rates (over 2500 mm per year), and anthropogenic pressures such as dryland farming, overgrazing, and
excessive groundwater extraction. The primary objective of this study is to analyze the spatio-temporal
trends of desertification in this region and to investigate its relationship with key climatic variables,
including the Normalized Difference Vegetation Index (NDVI), precipitation, minimum and maximum
temperature, surface runoff, and the Palmer Drought Severity Index (PDSI), over the period 2000-2022.
This time frame was selected due to the availability of high-resolution satellite data and significant climatic
fluctuations over the past two decades, making it suitable for long-term desertification analysis.

2. Materials and Methods

This study utilized long-term satellite and climatic datasets. NDVI was derived from the MODIS product
MOD13A3, with a 1 km spatial resolution and a monthly temporal resolution. Precipitation and minimum
and maximum temperature data were obtained from the WorldClim database with a spatial resolution of 1
km. PDSI and surface runoff data were extracted from the TerraClimate database with a spatial resolution
of 4 km and monthly temporal intervals. All datasets were processed for the period 2000-2022 within the
boundaries of Khatam and Abarkouh counties in southern Yazd Province. After data preprocessing, the
annual mean of each variable was calculated. The non-parametric Mann—Kendall test was employed to
analyze temporal trends, while the Sen’s slope estimator was used to quantify the rate of change. Pearson’s
correlation coefficient was applied to examine the relationships between NDVI and other variables using
R software and the Google Earth Engine platform. Furthermore, pixel-wise trend and correlation analyses
were conducted, and spatial maps were generated.

3. Results and Discussion

Trend analysis revealed that more than 85% of the study area exhibited a statistically significant decreasing
trend in NDVI (average slope of —0.026 units per month, p < 0.001). This decline was more pronounced in
lowland, arid regions such as the central plains of Khatam and eastern Abarkouh, where up to 90% of the
pixels showed negative trends. Conversely, the western foothill areas, which receive relatively higher
rainfall, showed weaker declines or even slight increases in NDVI. Climatically, precipitation showed a
significant decreasing trend across 69% of the region (average slope of —0.00006 mm per month), surface
runoff decreased in 71% of the area, and the PDSI showed negative trends in 78% of the area, indicating
intensified drought conditions. Minimum and maximum temperatures exhibited increasing trends in 61%
and 67% of the area, respectively, contributing to higher evapotranspiration rates and additional stress on
vegetation cover. Correlation analysis indicated significant positive relationships between NDVI and
precipitation (75%), surface runoff (65%), and PDSI (72%), while NDVI exhibited negative correlations
with minimum and maximum temperatures (54%). Temporally, the second decade (2010-2022) was more
critical than the first (2000-2010); the years 20152018 recorded the most severe droughts and the lowest
NDVI values. Only in 2020 did exceptional rainfall temporarily improve vegetation conditions; however,
this improvement was short-lived, and the downward trend resumed in subsequent years.



Revealing and analyzing the temporal-spatial trend of .../ Behzadi et al. 197

4. Conclusion

Desertification in the southern part of Yazd Province is a multifactorial process influenced simultaneously
by decreasing precipitation, reduced runoff, intensified droughts, and rising temperatures. Continuation of
these trends could lead to the loss of more than 30% of the vegetation cover within the next decade. Areas
with more than an 85% decline in NDVI should be prioritized for rehabilitation interventions. Such
measures include the planting of native, drought-resistant species, runoff and watershed management, soil
conservation, and community-based environmental education. It is also recommended that continuous
monitoring of climatic indicators using satellite data and climate prediction models be established as part
of an early warning system for desertification, enabling proactive adaptation planning to climate change.
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1. Inverse Distance Weighting (IDW)

2. Enhanced Vegetation Index (EVI)

3. Soil-Adjusted Vegetation Index (SAVI)
4. Vegetation Condition Index (VCI)

5. Land Surface Temperature (LST)
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Map.centerObject(table);
Map.addLayer(table);

var modis = ee.ImageCollection('MODIS/061/MOD13A3")
. filterBounds(table)

. filterDate('v-YyY-\v-¥\" ['y+ .o —oy—21")
. select(NDVIY);

//Scale NDVI (multiplied by 0.0001)
var ndvi = modis.map(function(img } (
var scale = img.multiply; (.- ++ V)

var clip = scale.clip(table);
return clip.rename('NDVI')
copyProperties(img, ['system:time_start’, 'system:time_end']);

(4
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//Reduce to yearly means for trend analysis
var yearlyNDVI = ee.ImageCollection.fromimages)
ee.List.sequence(2000, 2022).map(function(year | (

var start = ee.Date.fromYMD(year, 1, 1);
var end = ee.Date.fromYMD(year, 12, 31);
return ndvi.filterDate(start, end).mean()

set(‘system:time_start', start.millis())
set(‘year', year);

(1

i

/[Export or analyze further (e.g., Mann-Kendall in R after export)
print(yearlyNDV1);

:TerraClimate ;I PDSI (gl aiges &S

Map.centerObject(table);
Map.addLayer(table);

var idaho = ee.ImageCollection(IDAHO_EPSCOR/TERRACLIMATE)
. filterBounds(table)

. filterDate('y-YyY—1v-¥\','y+ o —oN=2)')
. select('pdsi’);

//Scale PDSI (multiplied by 0.01)
var pdsi = idaho.map(function(img } (
var scale = img.multiply;(+.-\)

var clip = scale.clip(table);
return clip.rename('pdsi’)
copyProperties(img, ['system:time_start', 'system:time_end']);

(4

//Reduce to yearly means for trend analysis
var yearlyPDSI = ee.ImageCollection.fromimages)
ee.List.sequence(2000, 2022).map(function(year } (

var start = ee.Date.fromYMD(year, 1, 1);
var end = ee.Date.fromYMD(year, 12, 31);
return pdsi.filterDate(start, end).mean()

set(‘system:time_start', start.millis())
set(‘year', year);

(1

i
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/[Export or analyze further (e.g., Mann-Kendall in R after export)
print(yearlyPDSI);
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1. Iranian Model Desertification of Potential Assessment (IMDPA)
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