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activities and climate change leads to desertification.

Objective: In this study, the IMDPA model was used to spatially assess the intensity
of desertification in Isfahan Province with four main criteria: vegetation, soil,
climate, and water.

Method: The criteria were scored based on field observations and regional
conditions. The index map of each criterion was combined with the geometric mean
method, and then a desertification severity map of each criterion and a final map of
the province were prepared using ArcGIS software. Also, a management plan to
reduce desertification was developed using the SWOT maodel.

Results: The results indicate that climate, vegetation, soil, and water criteria are the
most important factors of desertification, respectively. The climate criterion with a
geometric value of 3.08 was in the severe class, and vegetation (2.72), soil (1.98),
and water (1.07) were in the moderate class. Drought indices, annual precipitation,
and vegetation renewal were the most important, and groundwater table decline,
vegetation exploitation, and percentage of rocks and gravel were the least important
factors.

Conclusions: The final map showed that 5.52 percent of the area is in the low
desertification class and the rest is in the medium desertification class. SWOT
analysis showed a defensive pattern for Isfahan province. Among the internal
strengths, appropriate indigenous knowledge shows the greatest impact and water
transfer to neighboring provinces shows the least impact. In terms of external
opportunities, the government's attention to desertification and the restoration of the
Zayandeh Rood River have the greatest positive impact, and the number of sunny
hours for solar panels have the least positive impact. Internal weaknesses include
dry climate and water shortages, which have the greatest negative impact, and
overgrazing of livestock, which has the least negative impact. Also, in terms of
external threats, proximity to the desert and dust production show the greatest
negative impact, and inefficient governance management shows the least negative
impact.
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Introduction

Today, desert does not refer to arid and semi-arid areas, but rather the desert and desertification of a land
depend on how humans interact with nature. In recent years, many deserts have been transformed from
being to becoming, and this process has accelerated and intensified with the changes that humans have
made to nature (Ekhtesasi and Mohajeri, 1995). To assess the phenomenon of desertification, extensive
research has been conducted in different regions of the world, which has led to the presentation of
various models for analyzing and studying desertification. The most important models in the field of
desert assessment are FAO-UNEP, MEDALUS, GLASOD TAXONOMY LADA, and ASSOD (Masoudi
and FElhaei, 2018). In Iran, ICD, MICD and recently IMDPA models have been presented (Khosravi,
2005, European Commission, 1999, Babayev Kharin and Orlovsky, 1993, Basu et al., 1999, Ardakani
and Vahdati, 2018, Kosmas et al., 1999). Based on the results of this project, a qualitative and
quantitative assessment method was presented in the form of the IMDPA model (Ahmadi, 2004). In this
study, to achieve the research goal and provide a desertification map of the study area, the Iranian Model
for Desertification Potential Assessment (IMDPA) was used. The importance of this research is in
slowing the desertification process in Isfahan Province, preventing the adverse effects of desertification
on natural areas, the need to estimate and evaluate the overall pattern of desertification intensity, better
understanding the status of natural resources for implementing desertification prevention plans, the need
to use the correct method for examining the process and intensity of desertification for regional
management, and finally, using a comprehensive model for monitoring and evaluating the desertification
phenomenon for correct and principled planning.

Method

Isfahan province, with an average altitude of 1511 meters, is located in the central plateau of Iran and is
considered one of the foothill regions of Iran (Abdi and Afsharzadeh, 2012). The nature of the research is
applied; the data collection method is based on field studies. The research method in this study is
quantitative and based on Arc GIS software. Climatic and soil data were collected from soil and water
research centers and numerous field visits were made to the study area and combined with satellite
images and finally a map output was obtained from it. The research stages include collecting relevant
documents, data and statistics such as meteorology, hydrology, soil science, vegetation and other matters
along with essential base maps including digital topographic maps at a scale of 1:50,000, geology and
similar matters. To assess the intensity of desertification in the province using the IMDPA model, key
desertification criteria have been examined taking into account regional conditions as well as existing
data and information. Which included groundwater, cover, soil quality and climate criteria. To evaluate
the climate criteria of the province, annual precipitation indices, UTI drought index and drought
persistence indices from 43 synoptic stations of Isfahan province were used. In this study, three indices
of annual precipitation, drought index and drought persistence were used to quantify climate information.
To score and evaluate the climate criterion in the study area, a series of climate information including
annual precipitation, evapotranspiration and annual temperature information was needed, which was
received from the synoptic stations of the province. In this study, data from 165 piezometric wells in
Isfahan province were used to investigate the trend and impact of changes in quantitative and qualitative
water parameters, including groundwater level, groundwater depth, electrical conductivity and sodium
absorption ratio. For zoning quantitative water characteristics, the IDW method with powers of 1 to 5
and two geostatistical methods (kriging and cokriging) were used in ArcGIS and Surfer8 software. To
evaluate the interpolation methods, the elimination validation method with the MAE and MBE criteria
was used less and finally, the best interpolation method was selected to prepare the desired maps. To
evaluate the soil criterion, the soil quality map indices in the study area were considered, including four
indices of soil depth, soil texture, gravel content, salinity and alkalinity, and depth. The vegetation cover
indices NDVI, TSAVI, RVI, DVI, SARVI, and SAVI were used to prepare and produce the vegetation
map. In addition, the normalized difference vegetation index (NDVI) was used to highlight and increase
the differences in the spectral reflectance of vegetation. Then, the final desertification map was drawn
using these four maps and based on equation 1. Each index was assigned a weight between 1 and 4 based
on its impact on desertification and taking into account regional conditions, field studies, and expert
opinions; so that a weight of 1 indicated the best situation and a weight of 4 indicated the worst situation.
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A map was prepared for each indicator based on the weight assigned to it. In this method, each criterion
was calculated through the geometric mean of the corresponding indicators according to Equation 1:

Index— X = [(Layer—1).(layer—2)...(Layer —n) [/ (1

Results

In order to investigate and determine the intensity of desertification in the study area, the IMDPA model
was used in an area of 107 thousand square kilometers in Isfahan province. For the evaluation of the
water criterion, the groundwater level decline index with a numerical value of 1.50 has the least impact
on the intensity of desertification in the region in terms of the water criterion. The desertification status
map also shows the soil criteria of the study area; 87.50 percent of the total area (93661.10 square
kilometers) is in the moderate desertification class and 12.50 percent of the total area (13378.90 square
kilometers) is in the severe desertification class. The desertification status map shows the vegetation
criteria of the study area; 97.20 percent of the total area (104044 square kilometers) is in the moderate
desertification class and 2.80 percent of the total area (3001 square kilometers) is in the severe
desertification class. The desertification status map derived from the region's climate criteria shows that
0.58 percent of the region is in the low and insignificant desertification class. Therefore, the current
desertification intensity map of the region shows that 52.5 percent of the region is in the low
desertification class, which is scattered in the western half of the province, and 48.94 percent of the
region is in the medium desertification class, which includes all the eastern and most of the western half
of the province. To identify the capabilities available in Isfahan province, the results of the IMDPA
model were used, and to identify the strengths, weaknesses, opportunities, and threats in the region, the
SWOT strategic planning model was used. Using the results related to desertification criteria in Isfahan
province based on the SWOT model analysis table, it was shown that Isfahan province has a defensive
pattern.

Conclusions

Research results in Isfahan province show that climate is the most important factor in desertification.
Vegetation is the second most important factor. Soil is the third most important factor. Water has the least
impact on desertification. Using the results of the SWOT model, recommendations for appropriate
management measures to minimize the damage caused by desertification are provided. Tackling
desertification and sustainable development of affected areas requires a comprehensive and multifaceted
approach. At the heart of this strategy is smart and sustainable management of natural resources.
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