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ABSTRACT

Urban weathering refers to the processes of loosening, decay,
and eventual deterioration of materials used in various urban
constructions. This study focuses on assessing the degree of
weathering in gravestones from the Joy-e-Horhor and Khold-e-
Barin cemeteries in Yazd. A combination of petrographic
analyses and longitudinal monitoring of Schmidt hammer
rebound values for hundreds of gravestones was employed to
achieve this. The findings indicate that in addition to the
petrographic characteristics of the stones, such as mineralogical
composition, mineral diversity, and rock texture and fabric, local
climatic conditions significantly influence the weathering and
degradation of these materials. Key processes contributing to the
loss of stone durability include temperature fluctuations leading
to thermal expansion and contraction, the albedo effect of the
stone, wet-dry cycling, and the crystallization and dissolution of
secondary minerals like calcite and gypsum. Gravestones made
of travertine and marble, characterized by a predominance of
calcite minerals and light-colored surfaces, exhibit higher
resistance to weathering compared to other lithologies, provided
they are not exposed to excessive moisture or frequent washing.
In contrast, low-grade metamorphic rocks such as slate and
phyllite are the least suitable for gravestones due to their high
density of fractures and cleavage planes. Similarly, dark-colored
igneous rocks are prone to rapid durability loss, as the
differential thermal expansion and contraction of their
constituent minerals in response to temperature changes
accelerate their weathering processes.
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Extended abstract

Introduction

The role of humans in soil erosion is
significant directly and indirectly. For this
reason, severe damage caused by soil
erosion has prompted managers and
researchers to make great efforts to predict
and spread soil erosion. Iran is one of the
countries that has severe soil erosion due to
its location in the dry and semi-arid belt.
Examining the surface of the areas affected
by soil erosion shows that soil erosion has
an increasing trend, so that the survey of
land area shows an increasing trend in these
areas. Isfahan province has the necessary
and high potential for soil erosion due to
the special conditions of the region, such as
topography, slope, lithological condition
(presence  of formations with  low
permeability) and climatic conditions (arid
and semi-arid). Therefore, since soil erosion
is accompanied by numerous damages, it is
very important to check the points prone to
erosion risk. According to the mentioned
points, the phenomenon of erosion can be
investigated and studied despite all its
complications. One of the management
methods of dealing with soil erosion is
determining the points prone to erosion.
Therefore, the purpose of this research is to
evaluate and determine areas prone to
erosion using machine learning methods in
Isfahan province.

Methodology

In this research, the main goal is to
determine the areas prone to erosion. For
this reason, in the first step, based on past
research, as well as experts' opinions and
examining the history of erosion areas, the
factors affecting the occurrence of erosion
were first determined. Among the
influential factors, we can mention 4 main
criteria (topographic, biological, climatic
and man-made factors) and 17 sub-criteria.
Each criterion and its sub-criteria are
briefly described below. The map related to
all environmental factors was created in a
raster format with a pixel size of 30 x 30
square meters. After preparing layers of
environmental factors, information about
erosion points was extracted. In this
research, all information related to the
occurrence of erosion in the last 20 years

was collected from available sources. In
this regard, in addition to the information of
the departments of natural resources,
watershed management and environmental
protection, it was used. In total, after
removing duplicate points and merging
points with a distance of less than 100
meters, the final layer of erosion points was
created as a point. This information was
divided into two groups of points necessary
for training the model (70%) and points
necessary for evaluating the results of the
model (30%) completely randomly. In total,
2543 points were used to train and build the
models and 784 points were used to
evaluate the accuracy of the models. The
modeling related to two models of random
forest and support vector mation was done
in R software and “randomForest” and
"e1071" packages, respectively. Also, to
determine the relative importance of
environmental variables in the occurrence
of erosion in Isfahan province, the method
of relative importance diagram
(varlmpPlot) was used in the random forest
algorithm.

Results and discussion

Investigating the relative importance of the
layers used in modeling using the random
forest algorithm showed that the layers of
vegetation and precipitation were the most
important factors in the occurrence of
erosion in Isfahan province, respectively
(Figure 3). Also, the distance layer from the
residential areas was the least important
factor in the areas with a history of erosion
in Isfahan province. According to the
results, in the support vector machine
model, the low risk class had the largest
area of 7345617 (68.6 percent). In the
support vector machine model, the second
class with a large area was related to the
medium risk class, which includes 19.8% of
the study area. While in the random forest
model, the average class with an area of
3,276,567 thousand hectares, equivalent to
30.6 of the area, has more value than the
support vector machine model. Finally, in
the support vector machine model, the
lowest area was related to the high-risk
class, which covered only 11.6% of the
area, while in the random forest model, the
lowest area was related to the high-risk



class with an area equal to 2157652
hectares. (20.1 percent) was. The evaluation
of the accuracy of the support vector
machine and random forest models based
on the area under the graph (AUC) in the
ROC curve showed that both models have
good accuracy, but the random forest model
has a higher accuracy. Based on the results,
the random forest model had a level under
the graph of 0.97 and the support vector
machine model had a level under the graph
of 0.86.

Conclusion

Modeling of erosion-prone areas can be a
key tool for correct and timely management
of natural hazards, including soil
destruction. Considering that Iran is located
in the dry and semi-arid belt, soil erosion is
one of its most important crises. Many
managers are trying to discover suitable
solutions for erosion management that can
be used to manage and control erosion in
the shortest possible time. Considering the
time required for erosion control and
resource investment, accurate estimation of
the risk of erosion and preparation of
erosion distribution maps is the first step in
erosion management and risk assessment.
The present research was also carried out in
order to investigate the efficiency of
different machine learning methods in
modeling areas prone to erosion in Isfahan
province. In the present research, based on
the results of modeling, the layers of
vegetation and precipitation were the most
important factors in the occurrence of
erosion in Isfahan province, and the
distance from residential areas was the least
important factor in areas with a history of
erosion in Isfahan province. Based on the
conducted  studies, temperature, air
humidity, and increase in rainfall are among
the natural factors that provide the basis for
extensive surface erosion in the regions. In
general, the accuracy of the used model
depends on many factors, which can be
attributed to the characteristics of the
studied area, such as topography, factors
affecting the occurrence of erosion, the
accuracy and type of layers of independent
variables for modeling the probability of
the risk of erosion, the accuracy of points
And the recorded ranges of erosion pointed

to the continuous occurrence in the past and
the type of prediction algorithm used
among the factors affecting the overall
accuracy of the classification. Considering
the increase of erosion rate and increase of
crisis in the regions, the results of this
research can be used as a model for erosion
management in the study area and help
managers in planning and actions and
providing facilities in high-risk areas and
prone to erosion.
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