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Channel fill deposits
\:] Quaternaryq | owest ailuvial fan deposits.
Deluvial gypsum

x Marl silt, gypsiferous, red-cream
Peliocene
conglomerate, very loose pebbles, highly weathered

Marlylimestone, marl, few im lenses and tuff layers.
[ miocened ™™ e

conglomerate, sandsrone, few marl, grey-red

Oligocene. sandstone, sandymarl, dark red-purple
I — mar, salt lenses, occasionally gypsum, red- light brown
ljl Eocene. adamalite
Diorite partie highly altered and weathered

Sandstone, calcareous, red
- Paleoceneq limesione and dolomite, white
conglomerate, red-grey

- Tertia | Aternations of red sandstone, conglomerate, mar, limeslone
Altomations of grey marl

'sandy imestone, faw sandstone, overall red hue
- Cretaceou:

cquiarty
i _ fshale, coaly, black
L Jurassic ¢ limestone light grey, massive, ammonites
ndstone, few coals seams
____._[Piaty limestone and several dolomite calcair vermicule
Triassicq L imestone, crystaliized, white
Volcanic and ferruginous member, basalt, latente, refractor

. ‘Sandstone, sandy mari-shale, red
[ Permian 4 Mar, sit, gypsiferous, red-cream
Diabase

indstone, fed and white, partly coasegrain to conglomerate
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I Devoman{snm -

1 Carbonifsr{t'""’""““" sandy, poorly preserved brachiopods
Sai

igloen, red and white

) Shale, groen, few lmestone and dolomite in the lower part
- Ordovician

Siltstone, sandstone, few limestones, green
| Cambrian J Dolomite, limestone, shale
L Sandstone, arkosic, cross bedded, red
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1 Aa: Hierarchical anomaly index
2 R: Bifurcation indexes

3 Ff: Form factor

4 Dd: Drainage density

5 Bh: Relative relief

6 lat: tectonic activity Index
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Zn .930
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Extraction Method: Principal Component Analysis.
Rotation Method: Promax with Kaiser Normalization.
a. Rotation converged in 5 iterations.
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3 Evidential belief function (EBF)

4 Chen et al

5 Weights-of-evidence (WOoE)

6 Support vector machine (SVM)

7 Spatial Multiple Criteria Evaluation (SMCE)
8 Statistical index

9 Weighting factor
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2 Topopgraphic wetness index
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1. Introduction

Tectonic geomorphology is a knowledge that can determine the effect of active tectonic
using the geomorphic indices as a quantitative description of the rivers form.
Accordingly, guantitative measurements provide conditions that allow them to identify
the status of active tectonics areas. Active tectonic processes can affect the shape and
performance of rivers. The extraction of geomorphic indices using digital elevation map
(DEM) in the GIS in the past two decades has been a fast and accurate method for
drainage basin analysis so that these indices are used for quick evaluation of recent
tectonic activities in a particular region. Base on a natural theory, rivers are the first
environmental forms that show a relatively rapid response to changes in the bedding or
changes in the outflow of the bed. Regarding the proved reactions of rivers to the
occurrence of normal changes, it is possible to analyze them by using geomorphic indices
as the result of the effects of tectonic on the river's route. Geomorphic indices are
especially used for active tectonic studies. With the study of topographic landforms and
the model of drainage systems using geomorphic indices and the geological structure of
each area, it is possible to evaluate the active tectonic performance and to determine the
absence of active tectonic movements. The quantitative measurements provide conditions
that allow them to identify the status of active tectonics areas. Along with the
advancement of tectonic science of geomorphology, scientists have found that active
tectonic processes can affect the shape and function of rivers being one of the most
important observations that occur rapidly. Consistently in respond to deformation caused
by active tectonics at the surface reflecting minor changes in topography, thus examining
drainage pattern and river diversion provides important information on structural
expansion and evolution of the area. The study area is classified into four categories of
very high, high, medium and low tectonic activities. Alborz mountain range is the result
of two orogenic movements. One of them is Precambrian ores (Acinitic), the course of
which is essentially a metamorphism that leads to the interconnection and hardening of
the paving stones in the Precambrian, The second one is the Alpine orogeny movements
that happens in Mesozoic and Cenozoic periods. This mountain range is approximately
600 kilometers long and 100 kilometers wide along the south side of the Caspian Sea.
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The northern margin of the Alborz line is usually sloping. General trend of study area is
NE-SW.

2. Materials and Methods

In this research, with using the Arc GIS software and 1:100000 Geological maps, at first,
rivers and basins shapes of the area were extracted using STRAHLER method using 30
m accuracy digital elevation model in Arc GIS software. Then the necessary
modifications to the wells and extraction basins were carried out using topographic maps
and satellite images and finally a part of central Alborz at Talar and BabolRud area was
divided into 19 catchments. 5 morphotectonic indices such as hierarchical anomalies (Aa),
Bifurcation (R), Form factor (Ff), drainage density (Dd) and Relative relief (Bh) were
calculated in drainage basins. Using the Relative Active Tectonic (1AT) index, the study
area was classified into 4 categories. Category 1 indicates a very high tectonic activity.
Category 2 is the high tectonic activity. Category 3 shows the average geological activity
and category 4 activities are low relative construction. A tectonic activity zoning map was
prepared for each indicator in the study area and the results of the indices were analyzed

3. Results and Discussion

Based on studies of hierarchical anomaly indices in sub-basins associated with North
Alborz and Khatirkuh faults, this index increases and shows very high and high rates.
Intersection between these faults and the sub-basins waterway has caused anomalies in
the connection of low-grade waterways to several degrees higher. In sub-basins 11, 12,
13 and 14 which are dominated by the above-mentioned faults, the bifurcation index and
the elevation changes are due to the activity of these faults are high.

4. Conclusion

Studies in this section of the Alborz mountain range using morphometric indices such as
hierarchical anomalies (Aa), Bifurcation (R), Form factor (Ff), drainage density (Dd) and
Relative relief (Bh) and using the IAT Index in this area, shows that recent tectonic
activity is generally due to the faults activity in the region such as North Alborz and
Khatirkuh faults are in a high and very high categories. Based on these studies, it was
found that some other minor faults formed due to high tectonic activity and caused by
major faults such as North Alborz, Khatirkuh and other major faults in the area affect the
indices numbers. Tectonic impacts show that about 33.3% of the sub-basins associated
with the major and minor faults of the study area have very high and high tectonic activity.

Keywords: Alborz, Catchment, Fault, Morphotectonic, River, Earthquake
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1. Introduction

Automobiles are generally one of the major sources of heavy metal pollutants in roadside
sediments that enter the environment as particles from the exhaust or other components
of the vehicle and pollute the soil and vegetation of these areas (Van Bohemen, 2003).
The most common heavy metals in vehicles on the road are Cd, Cu, Pb, Ni and Zn (Elik,
2003; Li, 2001). These heavy metals have a toxic effect on the human body and cause
many complications such as blood, nervous and bone diseases (Sarkar, 2002). So, in this
study, the amount of heavy metal changes in sediments of road margins Darab-Fasa road
was investigated. Al-Chalabi and Hawker (2000) collected samples from three-site soil
in Brishane, Australia, and studied the distribution of Pb around roads. The results showed
that vehicle traffic was the main source of pollution, and in areas with more stable climatic
conditions, the distribution of Pb in soil was significantly reduced by increasing the
distance from the road. The study also found that Pb is accumulated in the first five cms
of soil depth. Fakayode and Owolabi-Olu (2003) studied the soil contamination of the
streets of Osgbo, Nigeria. By selecting 39 sites with different traffic volumes, they
measured the distribution of zinc, nickel, copper, cadmium and lead metals at distances
of 5, 15, 30 and 50 meters from the streets. The results showed that with increasing
distance from the streets (distance of 50 meters), the concentration of soil metals
decreases. Given the importance of the subject, this study investigates the soil
contamination to heavy metals in the margins of Darab-Fasa road. In this study, the effect
of distance to gas station and its effect on soil pollution was investigated. For this purpose,
index of mular and contamination factor (CF), ecological risk index (RI), tolerance
contamination index (PLI) were calculated and measured.

2. Study Area

The study area is located in the south of Fars province (Darab-Fasa road) at a geographical
location of 28 © 36°-28 © 54" N and 53 ° 36" - 54 ° 30" E. Fasa-Darab road with a length
of about 100 km has long been considered as the main road connecting Shiraz (lran's
largest city in the southern half of the country) to Bandar Abbas (Iran's largest commercial
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port). This road has always been used by a variety of light and heavy cars. The cities of
Fasa and Darab are the most important demographic centers in the southeast of Fars
province, and have a long history and their route is known as one of the busiest roads in
Fars province.

3. Materials and Methods

For this purpose, soil samples were collected from distance of 2.15 m from two depths of
0-15 cm in a randomized complete block design. Total and absorbable amounts of heavy
metals were measured and read with atomic absorption spectrophotometer.
Contamination factor (CF) was used to determine soil pollution to heavy elements. Based
on this factor, the amount of elements can be measured in relation to its normal value and
determine the degree of soil pollution. The contamination factor was calculated according
to the following equation for all elements of the study (Hakanson, 1980).

CF =C /Cbackground (1)

metal

where CFmetal is the ratio of the concentration of each metal (Cmetal) to the
concentration of the natural background of that metal (Cbackground).

In order to assess the state of soil contamination with heavy metals, the PLI index for the
5 metals under study was calculated. The index, the number of times the concentration of
heavy metals in soils and sediments has increased due to pollution and shows a summary
of the toxicity of metals (Chan, ., Ng, , Davis, , Yim & Yeung. 2001). The PLI, which is
used to study the environmental situation, is defined as the nth root of the multiple
concentration of the various metals studied (Angulo, 1996):

PLI=[TICF,.
k=1 tal 2)

where CFmetal represents the contamination factor of each metal and n is the number of
heavy metals studied.
The RI index has been used by various researchers such as Wang, Z., Wang, Y., Chen,
L., Yan, C., Yan, Y., & Chi, Q.(2015). based on the toxicity of metals. According to
Hakanson (1986), the toxicity factor for Cd, Zn, Pb, Cr and Zn metals is 30, 5, 5, 2 and
1, respectively. In this study, the ecological risk potential was calculated based on Eq. 3
and 4.
==

C 3)

(4)
E i

Rl=> _E,
i i
Where — is the potential ecological risk index, € and CO, are the measured value and

metal

i
the normal background values respectively and T is the toxicity response factor of the
metal.
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4. Results and Discussion

The results showed that the mean concentrations of Ni, copper, Zn, cadmium, and Pb
were 1.20, 2.86, 9.81, 10.08, and 84.17, respectively, which was higher than the local
background to Pb, and Cd. The highest amount of heavy metals for the nearest road
distance is 5 meters and it is 38.86 mg / kg which decreases with increasing distance from
the road. The Igeo index calculated indicates no serious contamination of the area with
copper, Zn and Ni metals and only Cd and Pb in the contaminated grade to moderate
contamination, and high contamination to highly contaminated were affected. In fact, the
results of the Igeo index show that these elements are naturally present in the soil, but
anthropogenic activity has increased the concentration of these metals in the soil. Results
of CF index showed that Ni, Cuand Zn values were less than 1 and were in low pollution
class. Whereas, Pb with values range from 6-6 in high pollution class and Pb is with
values greater than 6 in high pollution class. PLI index was used to evaluate and determine
the contaminated stations. PLI indicator’s results for the most polluted stations showed
that stations 14 and 23 were classified as highly polluted and the rest of the stations were
classified as non-polluting. According to RI results, stations 13, 15, 14, 22, 18, 38, 40,
35, 20, 41, 29, 30, 43, 16, 4, 48, 11, 12, 36, 39, 21, 8 have very high risk and other stations
have medium risk. Kriging distribution map of RI index of pollution load index showed
that the highest RI index is near the gas pump and near urban areas. Furthermore, the
results of Kriging interpolating maps showed that Zn, Ni and Pb are found in the southern
region (near Darab city), Cd is found in the north (near Fasa city) and Cuin is found in
the northern, central and southern parts.

5. Conclusion

The results of this study showed that the mean concentrations of Pb, Ni, Zn, Cu and Cd
in the roadside margins were higher. Statistically, there was a significant difference
between the mean concentrations of Pb, Ni, Zn, Cu and Cd within 5 m of the roads and
the values (out-of-town locations and other pollutant sources) and in most observations
of concentrations of Pb, Ni, Zn, Cuand Cd are higher than background values. This
difference is related to the impact of traffic and transportation factors on the
contamination of the roadside. Therefore, caution should be exercised in the application
of these soils to create green space and even plant crops. The results also showed that Pb
and Cd concentrations in areas close to gas pumps and urban areas were higher than other
areas, indicating the impact of human activities.

Keywords: Pollutants, heavy metals, Igeo index, CF index, PLI index, RI index, kriging
method, road distance.
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1. Introduction

Among natural disasters, floods are of the most devastating. The accurate assessment of
its dangers has failed at various scales due to lack of information and knowledge about
flood losses. During heavy rains, flow in a river increases rapidly and the water level
rises above normal and covers the floodplain and its surroundings and causes floods.
Catastrophic floods occur in the Kashkan River basin every year. Due to the abundance
of floods in this region, flood sensitivity maps should be considered to prevent loss of
life and economic damage. From 1955 to 2011, the Kashkan River was faced with 16
floods with a volume of more than 1000 cubic meters per second, which was one of the
most severe floods in 2019 in this river. The April 2019 flood was one of the most
unprecedented floods that’s recorded in the last 200 years; therefore, the development of
flood sensitivity maps and river area preparation to identify flood areas in the watershed
is essential to improve flood management and decision making. The main purpose of
this study is to evaluate the performance of the weighted evidence function and the
definitive evidence function to prepare a flood susceptibility map in the Kashkan River
watershed.

2. Study Area

Kashkan River is one of the most important and full of water branches of Karkheh river
which collects the waters of a large area of Lorestan province. This river joins
Seymareh river in the southwest of Poldokhtar in an area called Kol-e-Sefi and forms
Karkheh river.

The length of Kashkan river is about 270 km and its catchment area upstream of
Kashkan-Poldakhtar station is 9400 square kilometers. The main drainage system of the
Kashkan river first consists of the join together branches of the Hero and Aleshtar doab
rivers in the northeast and north of the basin, respectively, from east to west and north to
south. These tributaries which originate from the high and snow capped Garin and
Misho paro mountains along the main route joins other sub-rivers such as Cham
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Zakaria, Khorram Rud, Chulhol, and Madian Rivers. The largest recorded flood in the
province was the flood on April 1, 2019 in Kashkan River with a peak discharge of
6500 cubic meters per second. The amount of damage caused by it in different sectors
was estimated 11 thousand billion Tomans (report of the provincial crisis headquarters
2019).

3. Materials and Methods

The geographical location map of 260 flood points in the region was prepared based on
the information of Lorestan Regional Water Company. This set was randomly divided
into two groups including training group data (70%) and validation group data (30%). In
this study several factors used including slope percentage, slope direction, height,
distance from river, river density, distance from road, land use, soil type, slope
curvature, lithology, vegetation, rainfall, NDVI, stream capacity index (SPI) And
topographic wet index (TWI) were considered for zoning of flood risk potential. It
should be noted that the classification of the layers was done according to the conditions
of the region and experts’ opinion. The tools used in this study were divided into two
parts: physical tools including DEM maps, geological maps, land use and waterway,
and conceptual tools including ArcGIS and Excel software. Two methods, WOE and
EBF, were used. The WOE method or evidence weight method is a data-driven method
used to combine data sets and is based on the use of a linear form of the Bayesian
probability model to estimate the relative importance of evidence using statistics. The
EBF method includes several parameters Bel or degree of confidence, Dis degree of
uncertainty, Unc or degree of uncertainty, and Pls degree of reasonableness in the range
between zero and one. The main part of this theory is presented by the degree of
certainty and the degree of reasonableness, so the degree of reasonableness is greater
than or equal to the degree of certainty. Data extracted from EBF not only estimates the
spatial correlation between effective factors and flood occurrence but also the spatial
correlation between classes of each effective factor.

4. Results and Discussion

According to the model of gravitational evidence and the function of conclusive
evidence, southeast direction, slope of 0-5%, altitude of 448-900 m, soil type
(Inceptisol/Vertisol), distance from the river (0-50), river density (0.43-0.69), residential
use, rain ( 348-450mm), concave slope curvature, Lithology (OMq), TWI (high floor),
SPI (very low), NDVI (very low) and the distance from the road (200-150 meters) have
the greatest impact on creating flood potential. The maps obtained from the EBF model
include degrees of certainty (Bel), uncertainty (Dis), unreliability (Unc) and probability
(PIs) in the range between zero and one, and the sum of the values of certainty,
uncertainty and unreliability is 1. As can be seen 47/32% of the study area is in the
medium to very high risk class. Among the studied WOE and EBF models, the highest
accuracy was attributed to the EBF model (0.875); Therefore, in terms of flood risk
potential, the EBF model performs better than the WOE model.
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5. Conclusion

In this study, two models, EBF and WOE, were used to predict flood risk potential. The
largest area of areas with very high potential was observed in the WOE model. The
results of the study showed that flooding is the result of various environmental and
human factors. Based on the presented flood risk forecast map, appropriate management
measures can be taken to reduce flood damage and casualties. Areas that have a very
high potential for flooding according to the final plan should be given more attention
while planning.

Keywords: Flood, Kashkan River Watershed, WOE Model, EBF Model
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1. Introduction

Flood is a disaster which causes a lot of economic damages to farmlands, forests, gas
and power transmission lines, roads, engineering structures, and buildings. There are
numerous floods in the northwest of the country at the beginning of spring and the start
of spring rains, which in most cases results in heavy damage. The purpose of this study
is Geographic Information System (GIS)-based analysis of hydrogeomorphic properties
of Aland Chai Basin for preparing flood sensitivity map. To this aim, hydrogeomorphic
parameters of sub-basins have been studied from three aspects of drainage network
characteristics (e.g., stream order, streams number, streams length, stream frequency,
bifurcation ratio, length of overland flow, drainage density, drainage texture, texture
ratio, infiltration number, constant of channel maintenance, and rho coefficient), basin
geometry (e.g., basin area, compactness coefficient, circulatory ratio, elongation ratio,
form factor, and shape factor) and relief properties (relief, relief ratio, ruggedness
number, and gradient).

2. Study area

Aland Chai basin is located between 38, 30" and 38, 48" N and between 44, 15 and 45,
01" E in the West Azerbaijan province. It covers an area of 1147.30 km? and it is
situated in the north-western part of Iran. This basin is one of the sub-basins of the Aras
River basin to which surface water flows after joining the grand Qotour River. Basin
elevation variations are from 1093m in the Aland Chai River bed to 3638m above sea
level in the Avrin Mountain.
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Figure 1. The study area location in the West Azerbaijan province

3. Materials and Methods

The Step-Wise Weight Assessment Ratio Analysis (SWARA) model was introduced to
the provided relational database in weighting of data layers. SWARA technique is one
of the multi-criteria decision methods which was developed by KerSuliene et al. (2010).
In this method, an expert has an important role in evaluating and calculating weights.
Based on this method, the most signifcant criterion is ranked as the first, while the least
signifcant one is ranked as the last.

4. Results and Discussion

Hydrogeomorphic analysis plays an important role in the analysis of hydrological
behavior of the basins. In the present study, 22 hydrogeomorphic parameters were
analyzed from three aspects of drainage network characteristics, shape parameters, and
relief properties in order to investigate the role of these parameters in flood sensitivity
of Aland Chai basin. Digital Elevation Model (DEM) with 12.5m spatial resolution and
ArcGIS software were used to generate the data layers maps. In the next step, all
necessary weights were calculated for factors and Sub-basins using SWARA model.
According to a comparison between factors for each sub-basin, it was specified that sub-
basins 3, 1, 4, and 2 (weighted as 0.142, 0.122, 0.091, and 0.087) have the highest
impacts on Flood occurrence in study area. On the contrary, sub-basins 13 and 6
(weighted as 0.018 and 0.020) show the lowest weight.

5. Conclusion

In this study, an attempt was investigated to identify sub-basins with high potential for
flood occurrence in Aland Chai basin. Based on the effective parameters, flood
occurrence inside of Aland Chai basin could be separated into 5 distinguished classes
from very high to very low flood susceptibility. According to the SWARA-based flood
susceptibility map, sub-basins 3, 1, 4, and 2 of the study area have very high potential,
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sub-basin 7, 15 and 11 have high susceptibility, sub-basin 12, 5, and 9 have moderate
susceptibility, sub-basins 8, 10, and 14 have low susceptibility, and sub-basins 6 and 13
have very low susceptibility toward flood occurrence. The total area of sub-basins in the
high and very high class of flood is 656.72 km2, which comprises 57.24% of the total
Aland Chai basin. Therefore, according to the results of the study, it is necessary to take
protective measures such as watershed planning and dam construction in the sub-basins
that are highly sensitive to prevent flood or reduce potential damages in case of
flooding.

Keywords: Flood, Hydrogeomorphic analysis, Prioritization, GIS, SWARA, Aland
Chai Basin
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1. Introduction

There are dramatic changes in attitudes toward risk today; thus, the prevailing view has
shifted from focusing solely on reducing "vulnerability” to increasing "resilience™ to
disasters. Resilience is a kind of futurism emerging due to the dynamic response of society
to risks which can have an impact on expanding policy choices to deal with uncertainty
and changes. Accordingly, on a global scale, in a situation where risks and uncertainties
are rising, efficient natural disaster planning and management strategies are highly
required. As a result, human societies can reduce vulnerability at different levels,
especially at the local level. Accordingly, one of the most effective approaches in risk
management, planning, and increasing the resilience of rural settlements is the futuristic
approach., uncertainties in the planning process can be detected and managed by
analyzing the main factors and drivers of development.

2. Study Area

The study area in this research is the rural settlements of Fariman. Fariman is one of the
cities of Khorasan Razavi. In 2016, it had a population of 99001 people and consisted of
two central parts of Qalandarabad and five villages named Fariman, Sang Bast, Balaband,
Sefid Sang, and Qalandarabad. It has a total of 177 inhabited villages. Fariman Sangbast,
Qalandarabad, Kalateh Minar, and Barashk rivers flow to this region while it is located
on an active fault. The studied villages include 29 villages in Qalandarabad district who
have suffered human and financial losses due to floods and earthquakes. According to the
city governor's office, in villages where the earthquake occurred, about 40 to 100 percent
has been destroyed. Besides, according to the city housing foundation, 285 rural housing
units and 324 livestock places have been damaged due to the flood for about 10 to 100
percent. More importantly, 200 hectares of wheat and saffron fields in Fariman have been
damaged due to flood. In general, about 15 billion tomans of the damage has been caused
by floods to farms, livestock, and roads in Qalandarabad, Fariman.
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Figure 1. Introduction of the Study Area

3. Materials and Methods

The present research is an applied one in terms of purpose and nature which is conducted
using new methods of futures studies, analytical, and structural ones. It is a mixed
methods approach using a combination of both quantitative and qualitative models. The
present study identifies the most important factors affecting the promotion of resilience
of rural settlements against environmental hazards in Fariman. To this end, Delphi
technique has been applied to identify variables and indicators. In this regard, first, to
collect the variables, published scientific-research articles on the factors affecting the
increase of resilience against environmental hazards were used. Then, a semi-structured
questionnaire was designed and distributed using selected Delphi method in several
stages among selected experts - experts in the field of research and rural managers. In
order to consciously select the participants, purposive sampling method was used. The
statistical population of the present study is 50 people including 29 villagers and members
of Islamic councils of the studied villages while 21 others involved 8 university
professors, 7 doctoral students and specialists in the study area, 3 experts of the housing
foundation of the Islamic Revolution of Khorasan Razavi, and 3 experts of the city
governors. The applied futuristic method of the study is used for cross-impact analysis.
This method is an expert-centered method through which a few results are obtained. The
method is based on the analysis of interactions in the matrix. In crossover effects analysis,
events along with events and trends are considered as independent variables and the
probabilities of the phenomenon in the future are plotted by examining the output (in
pairs) of the effective variables or drivers (in the column row). This method uses Mick
Mac software.
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4, Results and Discussion

Based on the results of the number of variables, the dimensions of the 47 x47 matrix are
set in six different domains. The results show that the number of repetitions is double and
the degree of matrix filling is 75.73%. The results indicate that the number of high-
intensity relationships accounted for a higher percentage. How variables are distributed
on the scatter plot determines the stability and instability of the system. The status of
distribution and the dispersion of variables affecting the promotion of resilience of rural
settlements against environmental hazards in the distribution plate indicates that the status
of the system is unstable. So, the most variables are scattered around the diagonal axis of
the plane. To analyze the system environment and finally to identify the drivers and key
effective factors, the impact plan and the variability of variables are examined along with
the ranking and displacement of variables. Due to the instability of the system, five types
of wvariables including effective variables, two-dimensional variables, regulatory
variables, affective variables, and independent variables were identified. Moreover, the
system shows the sum of influential variables and their interactional effect. Among the
research variables, social variables had the highest impact on increasing the resilience of
rural settlements and environmental hazards while environmental-physical variables had
the lowest impact. Comparing the results of direct and indirect effects analysis, the key
factors affecting the promotion of resilience of rural settlements against environmental
hazards were detected. According to the results, the key driving forces in terms of the
impact on the 16 key factors are more important, both in direct and indirect effects.
Finally, the key factors affecting the increase in resilience were ranked from highest to
lowest.

5. Conclusion

In the present study, 16 factors were selected as the most prominent ones including the
increase in people's cooperation and convergence in times of danger, accountability of
government organizations and local institutions, partnership between communities, the
private sector and local authorities, taking the necessary measures to protect the village
from hazards by local management, strong buildings for use in times of danger, granting
credit and loans to victims, coordination between different institutions and timely
supervision to provide assistance, increasing non-agricultural incomes of villagers, use of
GIS in natural hazard management by relevant organizations, informing people about
ways to deal with accidents, rehabilitation of residential units with the advice of local
architects and engineers, use of information tools by relevant institutions, access to
organizations for post-accident management, training people to build durable structures,
creating insurance coverage in various aspects, and training and maneuvering by
government agencies. The problems regarding the crisis management can be solved and
the effects of natural disasters in the city of Fariman will be reduced if only these factors
are well taken into account.

Keywords: Environmental risk management, Resilience, Rural settlements, Awareness
and participation, Futures studies
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1. Introduction

Drought is a common, natural climate phenomenon on the earth with various effects on
the economic, social, and environmental aspects of life. The impact of drought on
agriculture, water access, and socioeconomic activities of the region depends on various
physiological, environmental, and social factors. Due to declined rainfall in specific and
efficient periods, drought could lead to water scarcity. Hydrological drought is defined
as the reduction of available water in all its forms (Ma, Ren, Singh, Yuan, Chen, Yang,
& Liu, 2016). Climate change could influence the frequency and severity of droughts.
Therefore, drought wvulnerability depends on several factors, such as topographic
features, development of soil, land, and water resources, groundwater utilization, and
the regional water demand for domestic, industrial, and agricultural activities. Since
these impacts may be local or regional, it is difficult to evaluate the effects of drought
on various sectors. Risk is often recognized as the combined probability of a specific
event (e.g., drought) and its negative consequences. Risk is defined as the endangerment
of a system, which could often be the environment, where drought is interpreted as an
environmental risk. The response of the environment to a hazard depends on the
severity of the hazard and environmental properties, which could be classified into four
categories of economic, social, physical, and environmental factors. The previous
studies in this regard have mainly introduced economic and social factors as the risk
factors for the occurrence of droughts. In the aforementioned studies, field
questionnaires have not been used to assess drought vulnerability, while in the present
study, the main research instrument was a questionnaire to estimate drought
vulnerability. The present study aimed to assess the risk status of drought in a region in
Iran based on observational data and the climatic downscaled data obtained from the
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coordinated regional climate downscaling experiment (CORDEX) project in order to
predict the risk of drought.

2. Study Area

Afin sub-basin covers an area of 655 square kilometers. The Afrin basin is between 33
degrees and 42 minutes north to 33 degrees and 58 minutes north and 52 degrees 35
minutes east to 53 degrees and 31 minutes north. Khoshbakht river is the permanent
river of this basin and part of a larger sub-basin known as Esfedan, which is connected
to Zuzan (northeast) and Khaf salt pan. It is also connected to Qaen (northwest),
Sharokht (southeast), and Saddeh and Birjand (southwest). The average precipitation in
Afin sub-basin is approximately 156.4 millimeters, and the average temperature in the
region is 14.7°C (Figure 1).

Based on the climate classification methods proposed by Amberje, the climate of Afin
sub-basin is arid-cold. The arid-cold climate of the area is suitable for the growth of
barberries. The economy of the village in the vicinity of Afin sub-basin has historically
relied on agriculture, especially the cultivation of barberries. In fact, most of Iran's
barberry is produced in this region.

3. Materials and Methods

At the first stage, the standardized precipitation evapotranspiration index (SPEI),
effective reconnaissance drought index (eRDI), and standardized runoff index (SRI)
were applied as the hydrological indices in this regard. The base period was the year
1983, and the utilized data included the monthly data on the average maximum
temperature, average minimum temperature, mean surface air temperature,
precipitation, and river flow data of Khoshbakht River in Afin sub-basin. Drought
Hazard is defined as the probability of drought occurring at various levels of severity. In
the current research, the probability of drought occurrence, and the probability of
drought occurrence in each drought class was calculated using the normal z-score table.
Vulnerability is a set of economic, social, and environmental conditions, which
determine the sensitivity of an environment to risk. In the present study, a questionnaire
consisting of 35 items was prepared in order to identify the extent of the impact of each
vulnerability factor, and exploratory factor analysis and confirmatory factor analysis
were applied to determine the vulnerability level of the selected area. Risk is defined as
the result of the interactions between a system (environment), natural hazards, and
socioeconomic vulnerability relative to the risk. The level of drought risk could be
estimated after calculating the drought hazard and its vulnerability based on the
definition of risk. In order to access the required meteorological data in the future (as
mentioned in the Methodology section) and due to the level of access to the CORDEX
project data, only three models of GFDL-ESM2M, CNRM-CERFAC, and ICHEC-EC-
EARTH were selected in the current research since all the required meteorological
parameters must have historical data, RCP4.5, and RCP8.5. In the present study, the
IHACRES model was utilized to obtain the future runoff data. Since the vulnerability
level obtained by the questionnaire was considered constant over time in the modeling
of drought risk, hazard modeling was carried out. After the prediction of the hazard,
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future drought risk was estimated by multiplying the vulnerability value as described in
the previous section. Two methods were exploited for the modeling of the drought risk,
including the bootstrapped quantile regression (500 repetitions) and loess nonparametric
regression.

4. Results and Discussion

Correlation-coefficient (R), explanation coefficient (R2), and Nash-Sutcliffe coefficient
(NS) were used to assess the predictive ability of the climate models. After correction,
the combined model for the precipitation and temperature parameters was determined
using the weighted average method and Bayesian approach. According to the obtained
results, the [CHEC-EARTH model had the highest coefficient as an integrated model
based on the RCP4.5 scenario. Based on the two scenarios, the amount of runoff will
have no significant changes in the upcoming years. Increased temperature and the
subsequent probability of excessive rainfall in the studied area may be the reason for the
lack of runoff in the upcoming years. Based on the completed questionnaires, the
vulnerability score was 0.53 for Afin sub-basin, which indicated that about half of the
sub-basin vulnerability was due to the economic, social, and environmental factors of
the sub-basin. Furthermore, the vulnerability value was considered to be a mediator of
the sensitivity of the mentioned factors. According to the results based on the mentioned
meteorological drought indices, most variations in the drought risk were observed in
winter. The results of drought risk assessment indicated that most variations in the
frequency of droughts occurred in winter compared to the base season. On the other
hand, the SRI findings showed no significant risk of severe droughts in any of the time
scales within the next three periods based on the RCP4.5 and RCP8.5 scenarios.

5. Conclusion

The present study aimed to provide a model to predict the drought risk status in the
future in the form of a case study of Afin sub-basin in Iran based on the meteorological
drought indices of SPEI and eRDI and hydrological drought index of SRI. In general,
the obtained results could be summarized as follows:

e SPEI and eRDI had the same performance in estimating the frequency of
drought events, while eRDI showed higher drought intensity compared to SPEI,
which could be due to the use of effective precipitation as an input in this index.
In addition, SPI and eRDI indicated approximately equal drought severity.

e A slight increase was observed in the runoff of the future years based on the
RCP8.5 scenario.

e Based on the meteorological drought indices, the possibility of highly severe
droughts within the next 27 years is lower compared to the mid and far future
periods.

e The meteorological drought indices showed that most drought changes in the
investigated time scales occur in winter.

Keywords: Drought Hazard, Drought Vulnerability, Drought Risk, Climate Change
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1. Introduction

Environmental pollution is one of the most contributing factors to the degradation of the
biosphere quality and its components. Among these, heavy metals play an important
role in human health. Metals can be divided into two categories in terms of plant
nutrition. The first category includes some metals such as copper (Cu), nickel (Ni),
selenium (Se) and zinc (Zn) that are essential in low concentrations for the health,
growth, and production of microorganisms, plants, animals, and humans. Other groups
of metals such as lead (Pb), arsenic (As), cadmium (Cd), and mercury (Hg) are not
essential metals and may cause toxicity in plants and animals even in low
concentrations. Soil contamination with heavy metals has become a global concern due
to its threats to ecosystems including soil, water, plants, animals, and human life. Soil
contamination by excess metals occur primary as a result of industrial activities such as
metallurgical processes, mining, and sewage sludge application to agricultural land. In
Iran, as the result of development of urbanization and industrialization, there is
considerable concern about soil contamination by heavy metals.

Zanjan province is one of the most industrialized cities in Iran due to having many
heavy metal mines. One such heavy metal contaminated area is in the vicinities of the
mining site of Zanjan Zinc Industrial Complex, Zanjan, Iran, where significant metal
contamination of agricultural soils has been identified. Mining waste generated by
mines and smelting units in this area is spread by wind or runoff to other areas and thus
pollutes the soil, plants, surfaces, and groundwater. Crops grown in polluted areas are
contaminated directly through the roots and indirectly through atmospheric subsidence.
It has also been reported that agricultural products in Zanjan province are heavily
contaminated with heavy metals in some areas and these metals can enter the food chain
and thus affect human and animal health. The potential health risk from consumption of
crops is assessed by hazard quotient (HQ). The safe range of HQ is values less than one.
When the quotient is <1, this means no potential health effects are expected from
exposure, but when it is >1, it signifies that there are potential health risks due to
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exposure. Despite the existence of many mines in Zanjan province, a comprehensive
study on the potential health risks of consumption of grain crops has not been done, so
the aim of this study was to investigate the changes in the concentrations of lead (Pb),
cadmium (Cd), copper (Cu) and zinc (Zn) in wheat grains and soils at selected distances
from a heavy metal pollution source (the mining site of Zanjan Zinc Industrial Complex,
Zanjan, Iran) as well as the potential hazard quotient (HQ) related to these metals
through the consumption of the product.

2. Materials and Methods

This descriptive cross-sectional study was performed on soil and wheat randomly
selected samples located around the zinc mines in Zanjan; so that the samples could
indicate the distribution of Pb, Cd, Cu and Zn in the area. Ten samples of wheat plants
were harvested randomly from a radius of 10 to 40 km (10 (S1), 20 (S2), 30 (S3) and 40
(S4) km) from the mine during the harvest season. After separating the plant grain from
other parts, the samples were placed in the oven for 24 hours at 100 ° C. Then plant
extracts were extracted using digestion with 65% nitric acid and the concentrations of
Pb, Cd, Cu and Zn were analyzed using atomic absorption spectrometry (AAS). Also, in
order to study the changes in the concentrations of the soil metals at the selected
distances from the mine, 3 soil samples were taken from a depth of 0-20 cm at any
specified distance from the mine (S1, S2, S3 and S4). After air drying and sieving the
soil samples, Pb, Cu, Zn and Cd available and total concentrations in the studied
samples were extracted by DTPA-TEA and 4M nitric acid method, respectively, and
then analyzed by AAS.

3. Results and Discussion

The results showed that distancing from the mine, the total and available concentrations
of all four metals significantly decreased. The highest total concentrations of Pb (168.9
mg kg?), Cd (5.6 mg kg?), Zn (434.5 mg kg?) and Cu (97.6 mg kg?) were obtained
from the S1 soil. The lowest total concentrations of these metals were recorded in S4
soil and equal to 59.1, 1.1, 88.5 and 28.9 mg kg, respectively. The available
concentrations of all four metals were also decreased with increasing distance from the
mine so that the highest concentrations of available Pb (45.6 mg kg), Cd (1.7 mg kg™),
Zn (52.4 mg kg?) and Cu (24.8 mg kg™) were obtained from the S1 soil. The lowest
available concentrations of these metals were recorded in S4 soil and equal to 9.6, 0.2,
14.3 and 1.9 mg kg?, respectively. However, no significant difference was observed
between the available Pb concentration of soils taken from S3 soil and S4 soil. The
comparison results of the mean Pb, Cd, Cu and Zn concentrations in wheat grains
harvested from the soils around the mine showed that Pb, Cd, Zn and Cu concentrations
in grain decreased with increasing distance from the mine. The highest concentrations
of Pb (59.3 mg kg?), Cd (1.3 mg kg™), Zn (79.7 mg kg?) and Cu (48.8 mg kg™) were
obtained from the grain samples harvested from S1 soil, followed by grains harvested
from S2, S3 and S4 soils. Also, unlike Zn, Cu and Cd, no significant difference was
observed in the Pb concentrations of grain samples harvested from S3 and S4 soils,
which can be due to the non-significant reduction of the available concentration of Pb in
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the soil of S4 compared to S3 soil. Comparison results of hazard quotients (HQ)
revealed that the HQ amounts of all four metals were significantly decreased with
increasing distance from the mine. The HQ levels of each metals at all distances from
the mine are below one (with the exception of Pb), which indicates that the possibility
of exposure to non-cancerous diseases caused by that metals will not be present for the
consumer throughout life. If the HQ value of metal is greater than one, the toxicity of
that metal may adversely affect the health of the consumer. Therefore, Pb has such a
property and the HQ values of this metals in the distances of 10 (6.17), 20 (5.35), 30
(3.48) and 40 (3.31) km from the mine are high and dangerous.

4. Conclusion

It is concluded that the consumers of these products will not be in the safe range in
terms of the adverse effects of non-cancerous diseases caused by high concentrations of
Pb. Moreover, despite the low HQ amounts of Zn, Cu and Cd, it is likely that the
amounts of HQ increase in the coming years, especially for Cd and Cu. Therefore, much
attention should be paid to consumption and cultivation around industrial areas.

Keywords: Hazard Quotient, Heavy Metal, Environmental Hazard, Agricultural
Ecosystem

References (in English)

Abdel-Kader, N. H., Shahin, R. R., & Khater, H. A. (2013). Assessment of heavy metals
immobilization in artificially contaminated soils using some local amendments. Open
Journal of Metal, 3, 68-76.

Alloway, B. J. (2013). Trace metals and metalloids in soils and their bioavailability.
Netherlands: Springer.

Bi, X., Feng, X., Yang, Y., Li, X,, Shin, G. P., Li, F., ... & Fu, Z. (2009). Allocation and source
attribution of lead and cadmium in maize (Zea mays L.) impacted by smelting
emissions. Environmental Pollution, 157(3), 834-839.

Black, A., McLaren, R. G., Reichman, S. M., Speir, T. W., & Condron, L. M. (2011).
Evaluation of soil metal bioavailability estimates using two plant species (L. perenne and T.
aestivum) grown in a range of agricultural soils treated with biosolids and metal
salts. Environmental Pollution, 159(6), 1523-1535.

Chehregani, A., Noori, M., & Lari Yazdi, H. (2009). Phytoremediation of heavy-metal-polluted
soils: screening for new accumulator plants in Angouran mine (Iran) and evaluation of
removal ability. Ecotoxicology and Environmental Safety, 72(5), 1349-1353.

Ferré-Huguet, N., Marti-Cid, R., Schuhmacher, M., & Domingo, J. L. (2008). Risk assessment
of metals from consuming vegetables, fruits and rice grown on soils irrigated with waters of
the Ebro River in Catalonia, Spain. Biological Trace Element Research, 123(1), 66-79.

Huang, M., Zhou, S., Sun, B., & Zhao, Q. (2008). Heavy metals in wheat grain: assessment of
potential health risk for inhabitants in Kunshan, China. Science of the Total
Environment, 405(1-3), 54-61.



Geography and Environmental Hazards 33 (2020) 44

Jia, L., Wang. W., Li, Y., & Yang. L. (2010). Heavy metals in soil and crops of an intensively
Farmed area: A case study in Yucheng city, Shandong province, China. International
Journal of Environmental Research and Public Health, 7, 395-412.

Joint FAO/WHO Export Committee on Food Additives. (1999). Summary and conclusions,
53rd meeting. Rome: Joint FAO/WHO.

Karami, M., Afyuni, M., Rezainejad, Y., & Schulin, R. (2009). Heavy metal uptake by wheat
from a sewage sludge-amended calcareous soil. Nutrient Cycling in Agroecosystems, 83(1),
51-61.

Kumpiene J, Lagerkvist A, Mauri C. 2008. Stabilization of As, Cr, Cu, Pb and Zn in soil using
amendments—a review. Waste Management 28(1): 215-225.

Lair, G. J., Gerzabek, M. H., & Haberhauer, G. (2007). Retention of copper, cadmium and zinc
in soil and its textural fractions influenced by long-term field management. European
Journal of Soil Science, 58(5), 1145-1154.

Lindsay, W. L., & Norvell, W. (1978). Development of a DTPA soil test for zinc, iron,
manganese, and copper. Soil Science Society of America Journal 42(3), 421-428.

Lozano-Rodriguez, E., Luguera, M., Lucena, J. J., & Carpena-Ruiz, R. O. (1995). Evaluation of
two different acid digestion methods in closed systems for trace element determinations in
plants. Quimica Analitica-Bellaterra, 14, 27-27.

Luo, C., Liu, C., Wang, Y., Liu, X,, Li, F., Zhang, G., & Li, X. (2011). Heavy metal
contamination in soils and vegetables near an e-waste processing site, south China. Journal
of Hazardous Materials, 186(1), 481-490.

Qian, Y., Chen, C., Zhang, Q., Li, Y., Chen, Z., & Li, M. (2010). Concentrations of cadmium,
lead, mercury and arsenic in Chinese market milled rice and associated population health
risk. Food Control, 21, 1757-1763.

Rattan, R. K., Datta, S. P., Chhonkar, P. K., Suribabu, K., & Singh, A. K. (2005). Long-term
impact of irrigation with sewage effluents on heavy metal content in soils, crops and
groundwater—a case study. Agriculture, Ecosystems and Environment, 109(3-4), 310-322.

Salehipour, M., Ghorbani, H., Kheirabadi, H., & Afyuni, M. (2015). Health risks from heavy
metals via consumption of cereals and vegetables in Isfahan Province, Iran. Human and
Ecological Risk Assessment: An International Journal, 21(7), 1920-1935.

Sposito, G., Lund, L., & Chang, A. (1982). Trace metal chemistry in arid-zone field soils
amended with sewage sludge: I. Fractionation of Ni, Cu, Zn, Cd, and Pb in solid phases. Soil
Science Society of America Journal 46(2), 260-264.

Street R. (2012). Heavy metals in medicinal plant products-An African perspective. South
African Journal of Botany, 82, 67-74.

Torabian, A., & Mahjouri, M. (2002). Heavy metals uptake by vegetable crops irrigated with
wastewater in south Tehran. Journal of Environmental Study Science, 16, 255-263.

USEPA, IRIS. (2006). United States Environmental Protection Agency, Integrated Risk
Information System. http://www.epa.gov/iris/subst.

Wang, X., Sato, T., Xing, B., & Tao, S. (2005). Health risks of heavy metals to the general
public in Tianjin, China via consumption of vegetables and fish. Science of the total
environment, 350(1-3), 28-37.

Yadav, S. K. (2010). Heavy metals toxicity in plants: an overview on the role of glutathione and
phytochelatins in heavy metal stress tolerance of plants. South African Journal of
Botany, 76(2), 167-179.



Geography and Environmental Hazards 33 (2020) 45

Zhao, F. J., Su, Y. H., Dunham, S. J., Rakszegi, M., Bedo, Z., McGrath, S. P., & Shewry, P. R.
(2009). Variation in mineral micronutrient concentrations in grain of wheat lines of diverse
origin. Journal of Cereal Science, 49(2), 290-295.



Geography and Environmental Hazards 33 (2020) 47

Evaluation and Simulation of Land Use Change Using Object-
oriented Classification and Markov Chain Model, Case
Study: Birjand City
Saeed Hossein Abadi 2, Ebrahim Akbari ®*, Afsaneh Naghdbishi °
& Assistant Professor of Geography and Urban Planning, Bozorgmehr University of Qaenat,Qaen, Iran

b Master of Remote Sensing and GIS, University of Tabriz, Tabriz, Iran

¢ Master of Remote Sensing and GIS, University of Tabriz, Tabriz, Iran

Received: 10 July 2019
Accepted: 8 September 2019

1. Introduction

The global expansion of urbanization has created a motive for turning green and natural
spaces into urban or human environments. On the one hand, increasing demand for land
and housing, and on the other hand, limitation of land within cities, are pushing
residents to find alternative housing in the surrounding areas. This process leads to
increasing conversion and change of land cover and land use in the periphery of cities.
Land use change is a process by which human activities transform the natural landscape
and usually refers to the functional role of land for economic activities.

This change of use can take place in the agricultural lands and orchards, or the ranges
and forests and the slopes of mountains and hills. Therefore, one of the environmental
hazards and ecological crises that the world faces is the phenomenon of land use
change. Given the importance of the land use change process, it is necessary to estimate
the rate and extent of land use or land cover changes in the region and the main drivers
of these changes. Geographic Information Systems (GIS) and remote sensing techniques
provide effective tools in studying and monitoring land use change / land cover in space
and time. In general, the classification of satellite data refers to the separation of similar
spectral sets and their classification. In other words, it expresses the classification of
pixels constituting images, assigning or introducing each pixel to a class or a particular
phenomenon. Object-oriented method is one of the methods of classifying images. In
object-oriented classification, in addition to spectral features, geometric features of
phenomena are also considered. In this way, object-oriented classification is a process
that links land cover classes to visual objects. After the classification process, each
image object is assigned to one (or none) of the class.

In this research, it has been tried to analyze the land use change of Birjand city using
two models of object-oriented classification and Markov chain model and to predict its
trend for 2025.
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2. Study Area

Birjand is a city in eastern Iran and the center of Birjand city and the capital of South
Khorasan province. The city is located at 59 degrees and 13 minutes of longitude and 32
degrees and 53 minutes of latitude and at an altitude of 1470 meters above sea level.
According to Population and Housing Censuses of Iran in 2016, the population of this
city was about 203,000 people and it is a city with relatively high and physical and
population growth in the east of the country.

3. Materials and Methods

In this research, the land use changes in Birjand city were evaluated and simulated using
satellite imagery images from 2000 to 2017 and predicted their changes by 2025. For
this purpose, the object-oriented classification method has been used to classify the
images. In this classification, for segment generation, the scale parameter is 10, the
color parameter is 0.8, and the compression is 0.1 and shape is considered 0.4. In order
to increase the resolution of classification classes for each class, further classes were
created that merged with the main classes at the end. The final result is the segmentation
of 4 general classes including vacant land, rangelands, built-up area, orchards and
agriculture lands. After the classification of images, the CA-Markov model was used to
predict of land use changes in the Birjand city.

4. Results and Discussion

According to satellite images, in 2010 compared to 2000, the built-up areas have been
stretched discontinuously to the north and northeast direction of Birjand city, as well as
to the west and to some extent to the east, which indicates that the physical growth of
the city follows the pattern of sprawl in this period.

The results of the classification of images in this study show that the area of built—up
lands and the orchards and agricultural lands increased during the period between 2000,
2010 and 2017, and this increase is more significant between 2010 and 2017. The
pattern of change has been such that the share of vacant lands and rangeland has been
reduced. During the 17-year period, 0.48% of the area of rangelands and 0.38% of
vacant land have been reduced annually. In contrast, the largest increase is related to
built-up area, so that 6.12% has been added to this land use annually. Orchards and
agricultural lands have also increased in area with a growth rate of 2.61% per year.
According to the Markov chain model, the changes in the area of land uses in 2025
compared to 2017 will be similar to 2000-2017, so that orchards and agricultural lands
(2.09), built-up areas (1.17), vacant lands (0.98), rangelands (0.97) will be.

5. Conclusion

In the present study, using satellite images during the period from 2000 to 2017,
changes in land use of orchards and agricultural land, built-up areas and rangelands
were investigated. In order to evaluate these changes, the object-oriented classification
method in Ecogonation software was used and to predict and simulate the future,
Markov chain method was used. Using the Markov chain model, the pattern of land use
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change for 2025 was predicted and modeled. The model consists of three steps: 1.
calculating the conversion probabilities by using Markov chain analysis. 2. Calculating
suitability of land use/land cover maps based on the multi-criteria evaluation. 3. The
allocation of the land cover based on the CA's spatial operator. Based on the changes
made in previous years, this model examines the probability of future changes and the
spatial allocation of these changes. According to the Markov chain model, during the
years 2000 to 2017, the area of the built-up lands, agriculture and orchards increased
and the area of vacant lands and range decreased. If the same trend continues, between
2017 and 2025, the area of the built-up area will increase by 17.13%, orchards and
agricultural lands by 9.8%, and in contrast, the area of vacant lands will decrease by
1.81% and the area of rangelands will decrease by 2.32%.

In general, this pattern of land use change indicates an increase in human intervention
and the dominance of human landscapes (settlements, orchards and agricultural lands)
over the natural environment (especially rangelands). The next point that can be
understood from the comparison of the maps is the development and sprawl growth of
the settlements, which causes a part of rangeland and even agriculture and orchards to
be changed to use for construction. In general, this abnormal trend of land use change
should be controlled with a systemic approach to the study area, taking into account
urban-rural, environmental and socio-economic dimensions in planning. This means
that the change of use of good agricultural lands, orchards and rangelands must be
controlled. This means that the change of use of good agricultural lands, orchards and
rangelands must be controlled. One of the most important measures that can be
considered is to follow the pattern of compact and urban infill growth with a focus on
the use of urban brownfields and eroded texture.

Keywords: Land Use Change, Object-Oriented Classification, Markov Chain, Birjand
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1. Introduction

At the global level, there are significant changes in attitudes toward hazards, so that the
dominant view has shifted from focusing solely on reducing vulnerability to increased
resilience to disasters. Mashhad like many of the Iran's cities is in a high potential risk.
Active and powerful faults in the vicinity of the city testify to the high risk of
earthquakes in Mashhad. Moreover, there are seventeen rivers in and around the city of
Mashhad that increases the risk of flooding in this city. Overall, the city is in a high-risk
in upstream plans from a natural hazard perspective and the existence of 6688 hectares
of inefficient texture (worn-out and marginal) in the city has added to its vulnerability.
Although some predictive tools are effective in reducing the impact of crises, but based
on evidence, future risks cannot be predicted; so it is necessary to know the resilience of
city neighborhoods to avoid vulnerabilities. Resilience, however, is not a feature that is
evenly distributed across different parts of the city, and it can be said that inefficient
urban textures are less resilient than other parts of the city, largely due to their distinct
social and physical characteristics. In addition to severe burnout and poor quality of
buildings, low levels of social and demographic characteristics such as literacy,
education, and employment that are effective in restoring urban neighborhoods, after a
crisis lead to increased vulnerability to natural hazards. Therefore, this research was
conducted with the aim of investigating the spatial resilience pattern in inefficient
(worn-out and marginal) textures of Mashhad.

2. Study Area

Mashhad is the capital of Khorasan Razavi province and situated in the northeast of
Iran. This city is located at a longitude of 59 degrees and 2 minutes to 60 degrees and 38
minutes and a latitude of 35 degrees and 43 minutes to 37 degrees and 7 minutes
between the Binaloud and Hezarmasjed Mountains. It is placed in a high-risk natural
hazard zone. Mashhad has thirteen districts and 3057679 population. Of the 154
neighborhoods in Mashhad, all or part of 42 neighborhoods are inefficient. In general,
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about 6688 hectares of Mashhad are composed of inadequate (worn out and marginal)
texture.

3. Material and Methods

The present study was conducted with descriptive-analytical and practical methods. The
indicators were extracted through library studies. Eventually, by using the opinion of
experts in the framework of the Delphi method, required data were collected.
Furthermore, some data were Extracted from Mashhad Master Plan (Farnahad, 2006),
Statistical Yearbook of Mashhad (2016), and Road, Housing and Urban Development
Research Center (2014), these indices are divided into social and social-physical
divisions. Social indices only reflect social and demographic characteristics and socio-
physical indices emphasize the physical characteristics and shape of neighborhoods in
addition to demographic characteristics. The population consisted of 42 neighborhoods
with inefficient texture in Mashhad. At first, using the MOORA technique, the social
and socio-physical resilience of the inefficient neighborhoods was investigated. Then,
the relationship between the distribution of resilience and social indicators using
ArcGIS software was determined. In order to analyze the resiliency pattern, spatial self-
dependency technique was used. There are different models for measuring spatial self-
dependency statistics, among which the Global Moran Model and the G; statistics have
been used. Finally, in order to evaluate the accuracy and importance of geographic
weight regression, the output of this model was evaluated.

4. Results and Discussion

In order to calculate the resilience of each neighborhood, all data for each criterion were
first standardized and evaluated using the MOORA technique. The findings show that
the neighborhoods of Panjtan Al Abba, Shahid Avini, Hosseinabad, Ayatollah
Khamenei, Valiasr and Abobargh have low social resilience, Imam Hadi neighborhood,
Ivan, Torg, Mustafa Khomeini, Mohammadabad, Maaghoul, Arvand, Sajadiyyah,
Onsory, Rezaei, Paien Khiaban, Dahdey, Amel, Sisabad and Bilal, have middle social
resilience and the other are in the up social resilience of this category. Studding the
social and socio- physical resilient spatial pattern of inefficient textures areas of
Mashhad has been done by using the Global Moran method and general G statistics.
Results show that the distribution pattern of these neighborhoods is clustering based on
social resilience variables and is random based on socio-physical variables. In fact, there
is statistically significant meaning in the social resilience of inefficient textures in
Mashhad, On the other hand, this pattern does not exist in the socio-physical resilience.
According to the Geographic weight regression, the variables of percentage of
employed population, literacy rate and education level have an increasing effect on the
level of social resilience of these neighborhoods, while the sponsorship rate and the
mean age have a decreasing effect.
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5. Conclusion

Much of Iran's urban area is suffering from burnout and inefficiency, causing the
country's capital to face the dangers of natural disasters. A review of the theoretical
foundations and global experience shows that indices of identification of inefficient
textures have moved from purely physical to social and economic dimensions. A review
of the past researches about the resilience of urban inefficient textures showed that most
studies like the research ahead, emphasize the impact of education indices and the
percentage of the employed population on social resilience of societies, given that these
indices are subject to socioeconomic conditions, this conclusion is justified. Studying
the spatial pattern of socio-physical resilience in inefficient neighborhoods of Mashhad
shows that the distribution pattern of these neighborhoods is clustered based on social
resilience variables and randomly based on socio-physical resilience variables. In fact,
there is a statistically significant pattern of spatial autocorrelation in the social resilience
of Mashhad's inefficient textures, while this pattern does not exist in their socio-physical
resilience. Since some of the inefficient textures of the city are being revived, it is not
unexpected to compare these two patterns in the neighborhoods studied. More precisely,
the inefficient textures revitalization in Mashhad has been occurred according to
economic and managerial conditions of the neighborhoods, which has led to
improvement of physical conditions and subsequently the improvement of the physical
resilience while the social aspects of these neighborhoods have been neglected. In fact,
the social aspects of development have been neglected in the development of
dysfunctional textures. However, recognizing the social characteristics of each
neighborhood as the smallest social unit of urban planning is particularly important in
order to achieve sustainable development.

The results of this study indicate that the inefficient neighborhoods in the city center and
in the northern marginal areas of the city have a significant role in creating cluster
patterns. In this regard, in order to increase the effectiveness of interventions, attention
to the effectiveness of each of the variables in the targeting structure of interventions in
this sector is necessary because the way these variables influence in different locations
is different, and this should be considered in planning for inefficient textures
regeneration.

Overall, according to the findings of this study, it can be said that in the development of
inefficient textures, paying attention to the social and demographic characteristics of
each textures is important in promoting the quality of life of residents and the
sustainable development of neighborhood. Moreover, it is necessary to pay attention to
the differences in the strategies adopted with respect to the worn out and marginal
textures. Because worn out and marginal textures each have unique and distinctive
social, economic and physical characteristics, so attention and focus on these features
are very important in their development process. This can partly indicate the type of
intervention and its extent in the textures and guide the experts in selecting the type of
intervention. In this regard, the following measures are suggested to increase the
resilience of inefficient urban textures in the face of natural hazards:

1. Revising and changing management practices

2. Increasing the economic ability of people to improve their quality of life



Geography and Environmental Hazards 33 (2020) 56

3. Providing community decision-making and local partnerships in neighborhood
improvement

4. Applying scientific methods and mathematical logic in identifying -effective
indicators and the degree of impact of indicators and prioritizing neighborhoods

Keywords: Resilience, Inefficient texture, spatial dependence, Geographic weights
regression
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1. Introduction

The phenomenon of geomorphological hazards is due to the functional instability of the
surface systems of the earth, which turn into hazardous events due to human
intervention and human infrastructure. Meanwhile, cities, which are the densest human
centers, may face some geomorphological hazards during their physical development. In
mountainous areas, for example, the dangers posed by sloping processes cause the
expansion of cities to face numerous bottlenecks. In general, urban geomorphological
hazards in mountainous areas are studied in two main categories: first, hazards that are
created in relation to the location of the city (i.e., being mountainous), and second,
hazards that are due to the intensification of resource use and changes. Urban
environments are created. In general, wherever the construction of a city on unstable
land is planned, it is necessary to carefully study the conditions of the land and assess
their relative risks. In this regard, identifying and zoning the risk of landslides,
especially in settlements, is an important step in assessing the risk of this phenomenon.
Landslide risk zoning includes the division of the land surface into separate areas and
the ranking of these areas based on the actual degree or potential of landslides due to the
occurrence of landslides on the slope. In this paper, the risks of urban landslides
affecting urban development in Rudbar have been evaluated and zoned. In general, the
purpose of such a study is the zoning of stable and unstable areas of Rudbar city, which
can have favorable effects in its planning. However, what is necessary in completing the
findings of this study is a deep understanding and hermeneutic interpretation like
interaction of positive and post-positive methods which are used in this study in order to
provide suitable conditions for further understanding of the models. Therefore, this
paper tries to analyze the effective elements in the occurrence of domain hazards using
network analysis process to quantitative analysis of stable and unstable areas, and then
to qualitatively interpret the designated areas in order to apply the field and pay
attention to geomorphological hazards in this city.
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2. Study Area

Rudbar city, which is the central part of Rudbar city, is one of the foothill cities of Gilan
province and is located on the banks of Sefidrood river in a mountainous area. The city
is located in the geographical coordinates of 36 degrees and 32 minutes to 37 degrees
and 7 minutes from the equator and 49 degrees and 11 minutes to 50 degrees 5 minutes
east longitude. This city has an average height of 250 meters and is located mainly on
the slopes overlooking the Sefidrood River.

3. Material and Methods

Methodologically, this paper has two parts: positive and post-positive; In the positive
method, it is emphasized that the expected results can be achieved by pure statistical
analysis. While in transcendental methods, understanding and its relation to other
subjects, especially interdisciplinary studies, are given priority. In the positive part, in
order to evaluate and zone the landslide hazards of Rudbar city, firstly, an attempt has
been made to study the factors affecting the occurrence and intensification of landslides
with emphasis on urban areas, especially in urban development issues of Rudbar. For
this purpose, first, using the form and process method, the shape and process of the
urban environmental control area of Rudbar was determined. In the next step, to prepare
information layers, from the effective risk criteria obtained by field visits and library
studies such as slope, altitude, land use, etc. from topographic maps 1: 25000 and 1:
50000 1: 100000 geological maps were used. In the next step, the effective information
layers that were obtained with the opinion of experts and field and library studies were
examined in the form of network analysis model. In this regard, to use the decision-
making method of network analysis process in landslide assessment and zoning of
Rudbar city, the following different steps were performed: 1- Determining criteria and
indicators in identifying clusters and elements. 2- Determining the relationships and
dependencies between the elements. 3- Applying the above connections in clusters and
elements. 4- Weighting and pairwise comparisons of elements. 5- Classification and
rating of information layers; Then, with the help of the meta-positive part, the obtained
data and map were reviewed and interpreted based on the hermeneutic view. This means
that these findings can be used for more in-depth analysis, better understanding and
finally interdisciplinary findings of geomorphological hazards of Rudbar urban
landslide to be more practical.

4. Results and Discussion

According to the final map obtained from the perspective of the positive method, it can
be said that the control area of urban areas in this area is in one of the most dangerous
areas in terms of landslide risk so the current settlements and communication routes are
mainly located in medium to high risk areas. On the other hand, the distances and
privacy of urban centers, regardless of the processes and hazardous elements, are
located and are on the path of physical development. In the future, the process of urban
development of Rudbar will also expand in these areas. Therefore, paying attention to
this issue and the environmental threats of urban areas is very important in planning the
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urban development model of Rudbar. From the point of view of meta-positive method
and hermeneutic analysis, landslide phenomena can be studied and interpreted as a text
from two points of view; One is in the form of written texts taken from statistical
analyzes, and the second is in the form of map interpretation as an understanding of
events governing low to high risk levels. Landslide phenomena as a text cover a wide
range of numerical and statistical concepts that, with new references, new meanings of
geomorphic reactions can be deduced because criteria such as slope, vegetation, average
annual rainfall, land use, etc. in numerical language include general concepts that the
author can discover and retell its meanings. This is also the case with landscaping maps.
Altogether there are three distinct hermeneutic conceptual levels that include active
(interpreted) or inactive (non-interpreted) text as well as active (non-landslide) or
inactive (non-landslide risk expertise) minds to retrieve concepts and theories related to
different trends. Geographical sciences were used in order to better understand the
assessment and zoning of landslide hazards and their impact on the urban development
of Rudbar.

5. Conclusion

In general, applied topics in geomorphological knowledge, especially geomorphological
hazards, have strongly influenced researchers due to their mere entanglement in zoning
models, statistics, the spirit of innovation, imagination and ideation. Therefore, relying
solely on statistical methods and techniques and modeling causes the repetition of the
position of this knowledge on issues such as zoning and landslide analysis, flood, wind
erosion, etc.using network models, fuzzy. Which only emphasizes the relationship
between precipitation, slope, vegetation, land use, etc., and it is necessary to provide
more practical results with the facts of geomorphological hazards after quantitative
studies and calculations, with the help of interpretation and hermeneutic studies.

For this reason, it is less common for a researcher and expert in geomorphological
hazards to provide systematic ideas in the field of management and environmental
sustainability to reduce and adapt to hazards, etc., instead of resorting to statistics and
software and analyzing the obtained outputs. In this study, an attempt was made to
provide a more organized process for geomorphological risk management studies by
providing case studies of different types of interpretations and by implementing
hermeneutic levels and approaches in order to achieve more principled results. Because
in the study of different levels of hermeneutics, the art of a geomorphologist is to
convert passive texts into active text for the use and practical understanding of
geomorphic phenomena in other fields and trends of geographical sciences such as
urban and rural.

Also, a geomorphologist in the framework of hermeneutic knowledge must have
specialized perceptions of maps and diagrams that a non-expert cannot have a similar
perception of. In this regard, with the aim of making the active text more practical, the
interpretation of the landslide hazard zoning map of Rudbar region was used and the
findings of this knowledge were linked to the findings of other geographical sciences
from the perspective of experts.
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1. Introduction

Displacement of the equilibrium-line altitudes (ELAs) of Late Quaternary Glaciers in
mountainous regions of Iran are mostly caused by climatic changes during Quaternary.
It is vital to study surface landforms created by the inner and outer processes in this
period (Yamani, 2007). Climate change in Quaternary has led to the emergence of
glacial and inters glacial periods (Yamani, 2002). In Glaciology studies, the equilibrium
line altitude (ELA) and the water and ice equilibrium line are the most important
concepts (Ramesht et al. 2011). According to Porter (2005) “The equilibrium line is a
place where snow accumulation is more dominant (Abtahi, 2013). Some national
research examples are as follows: Evans (2006) in Wales, Sarikaya (2011) in Turkey,
Mindrescu and Evans (2014) in Romania, Hendrickx et al. (2015) in Ethiopia, Jafari
(2009), Moayeri et al. (2011) and Jafari (2014) in Iran. One of the most controversial
issues in this regard is ELAs differences in different geographic latitudes and directions
which is due to the variations along the slops which as a result made it difficult to
discuss comprehensively.

2. Study Area

Iran, with an area of 1648195 square kilometers, is located between 25 to 40 degrees
north latitude and 44 to 63 degrees east longitude. Iran is divided into 6 geomorphic
units (Zagros, North, Central Iran, East, Northeast and Northwest unit) (Alaei
Taleghani, 2012). Iran is divided into 6 first and 30 second grade catchments (Water
statistical yearbook of Iran, 2011). Of the 30 second grade catchments, Quaternary
glacier cirques (6 morphotectonic units) were identified in 21 sub-basins.

3. Materials and Methods

In order to estimate the ELAs, firstly an Iranian DEM with 30*30 meter resolution was
prepared and merged and clipped for each basin. Merged topographic maps (1: 50000)
were also extracted for each basin. Based on documents in topographic maps, 20-meter
contour lines and the reflection of landforms in SRTM satellite images, cirques of each

. Corresponding author: Gholam Hassan Jafari. E-mail: jafarihas@yahoo.com Tel: +989177519227



Geography and Environmental Hazards 33 (2020) 66

basin were identified. Secondly, according to the method of Terminus-to-Head Altitude
Ratio (THAR), the identified cirques which didn’t have concave longitudinal profile
were not considered in the estimations. Based on this, out of 30 second-grade
catchments, 21 catchments were considered as basins that had been influenced by the
glacial process in cool Quaternary spans. The ELAs were estimated using Porter’s
cirque-floor altitude and Wright methods. The geographical directions of the cirques
were classified into eight main and secondary directions. The ELAs were estimated
using the following methods:

4. Results and Discussion

In the present paper, 11641 cirques were identified in Iran based on the shape and height
of the contour lines, status of the waterway network and the height of the peaks
dominating in cirques. The surface slope direction affects the abundance of the cirques,
meanwhile more than 60% of the cirques are formed in slopes that are inclined toward
north in the whole country. Such slopes are known as Nesar slopes due to the inclination
of the solar angle. After all the cirque were determined, the above methods were used to
estimate ELAs.

Comparison of the difference between the ELAs in different directions using Wright
method revealed that the greatest difference was in salt lake (449 m) and Aras (440 m)
catchments. The minimum elevation difference was observed in the Haraz-Gharehsu (-
551 m) and Duranjir desert (-350 m) basins, and there were no differences in ELAs in
different directions of three basins. Comparison of ELAs estimated by the cirque floor
method in different directions indicates that Aras (761 m), Sefid-rud (602 m) and the
central desert (350 m) basins had the greatest variations in different directions. In the
morpho-tectonic unit of Central Iran, cirque-floor altitude and then the THAR methods
(Wright) were more preferable, respectively considering the difference of estimated
ELAs.

5. Conclusion

The ELA in the Zagros morphotectonic unit was about 2608 m during the Quaternary.
With further expansion in latitude, ELA differences in this unit, was estimated to be 637
m. The ELA of southwest slopes was estimated to be 524 m above the ELA of the
northeast slopes. In total, ELAs were decreased from south to north during the
Quaternary, so that the difference between Karun (the southernmost basin) and Aras
catchments (the northernmost basin) was 484 m. From a longitudinal perspective, ELA
differences is more than 800 m between the western catchment in the west (with an
estimated ELA of 2300 m), and Duranjir catchment in the central Iran (with an altitude
of 3100 m). In conclusion, during the Quaternary, the AELA of Iran was more than
1065 m, and it varied between 2030 and 3100 m. The average ELA of Iran was about
2595 m. It can be concluded that in cirques landforms each latitudinal degree, could
change the equilibrium-line altitude about 89 meters.

Keywords: Quaternary; Iran; ELA; direction; cirque; Wright; Porter.
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