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Table 1- Laboratory methods used to measure biological and fertility characteristics in the studied soils.

Properties

Method

Reference

Soil respiration
Organic matter
Phosphorus
Copper
Manganese
Iron

Zinc
Potassium

Sodium

CaCOs

Titration by HCI
Wet Oxidation

Extraction with sodium bicarbonate, Olsen method

Extraction with DTPA
absorption spectrometry
Extraction with DTPA
absorption spectrometry
Extraction with DTPA
absorption spectrometry
Extraction with DTPA
absorption spectrometry

and reading by
and reading by
and reading by

and reading by

atomic

atomic

atomic

atomic

In the extract of saturated soil paste by the flame

photometer

In the extract of saturated soil paste by a flame

photometer
Titration by NaOH

Vance et al., 1987

Page et al., 1982

Olsen and Dean, 1965
Lindsay and Norvell, 1978
Lindsay and Norvell, 1978
Lindsay and Norvell, 1978
Lindsay and Norvell, 1978
Soil Survey Staff, 1992
Soil Survey Staff, 1992

Page et al., 1987
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Figure 1- The study area and location of sampling points in the central and northern half of Fars

Province.
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Table 2- Summary statistics of biological and fertility properties of soil in different land uses.

Strong rangeland (N=66) Poor rangeland (N=56)
Soil properties Mean Max  Min géi?gt?g?‘ Mean Max Min ggi?;?gg
Sodium (mg/L) 7.78 10.96 5.30 1.49 9.15 11.64 6.48 1.41
Potassium (mg/L) 8.75 14.47  4.06 2.54 8.44 11.90 4.06 2.10
Manganese (mg/kg) 2.02 295 116 0.48 2.02 6.57 0.02 1.18
Copper (mg/kg) 0.32 0.74 0.05 0.14 0.28 0.67 0.06 0.10
Iron (mg/kg) 1.36 296 0.58 0.62 0.52 0.91 0.02 0.25
Zinc (mg/kg) 0.11 020 0.02 0.04 0.08 0.11 0.06 0.01
Phosphorus (mg/kg) 44.26 52.00 36 4.71 46.58 72.00 30 9.15
Soil Respiration (mg CO2/g day) 17.67 26 12 4.49 12.40 30 2 6.33
Organic Matter (%) 1.91 259 131 0.34 1.64 3.24 0.31 0.56
CaCOs (%) 28.75 46.25 6.25 17.84 28.57 45 19 14.6
Agriculture (N=87) Forest (N=91)
Sodium (mg/L) 942  14.46 4.72 1.97 7.72 9.96 6.30 0.90
Potassium (mg/L) 7.72 12.90 4.06 2.14 7.65 9.90 4.06 1.26
Manganese (mg/kg) 2.98 9.04 0.29 2.09 4.32 11.96 0.45 2.82
Copper (mg/kg) 0.37 1.90 0.02 0.28 0.22 0.58 0.02 0.09
Iron (mg/kg) 1.78 4.25 0.37 0.84 1.88 4.58 0.04 0.93
Zinc (mg/kg) 0.10 0.44 0.01 0.07 0.12 0.54 0.01 0.08
Phosphorus (mg/kg) 44 .4 76 28 8.09 42.34 48 34 4.33
Soil Respiration (mg CO2/g day) 20.3 39 10 6.35 30.52 90 10 15
Organic Matter (%) 2.07 4.44 0.64 0.71 3.45 9.52 0.56 2.16
CaCOs (%) 37.86 43 11 14.271 37.57 52.5 125 16.36
6
Manganese

; I
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Figure 2- Mean values of available manganese concentration (mg kg soil) in different land uses
(Means followed by the same letters are not significantly (p < 0.05) different by Duncan's Multiple

Range Test).
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Figure 3- Mean values of available copper concentration (mg kg soil) in different land uses (Means
followed by the same letters are not significantly (p < 0.05) different by Duncan’s Multiple Range
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Figure 4- Mean values of available iron concentration (mg kg™ soil) in different land uses (Means
followed by the same letters are not significantly (p < 0.05) different by Duncan’s Multiple Range
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Figure 5- Mean values of available zinc concentration (mg kg soil) in different land uses (Means
followed by the same letters are not significantly (p < 0.05) different by Duncan's Multiple Range
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Figure 6- Mean values of available phosphorus concentration (mg kg soil) in different land uses
(Means followed by the same letters are not significantly (p < 0.05) different by Duncan's Multiple
Range Test).
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Figure 7- Mean values of organic matter (7.) in different land uses (Means followed by the same
letters are not significantly (p < 0.05) different by Duncan’s Multiple Range Test).
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Figure 8- Mean values of soil respiration (mg CO2/g day) in different land uses (Means followed by
the same letters are not significantly (p < 0.05) different by Duncan's Multiple Range Test).
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Figure 9- Mean values of soluble potassium concentration (mg L") in different land uses (Means

followed by the same letters are not significantly (p < 0.05) different by Duncan's Multiple Range

Test).
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Figure 10- Mean values of soluble sodium concentration (mg L") in different land uses (Means followed by the
same letters are not significantly (p < 0.05) different by Duncan's Multiple Range Test).
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Extended Abstract

Introduction and Goal

Land management and land use change significantly affect soil status and related indicators,
including the quantity and quality of soil fertility, as well as soil microbial biomass and
respiration. Due to the application of various management methods and land use, different size
of plant residues and different quality are produced, and the diversity of characteristics of these
plant residues effect the composition, function of soil microbial communities, various biological
indicators, soil fertility and soil quality. On the other hand, land use change also affects various
soil characteristics, soil quality and related indicators. In this regard, based on the results of
documented research, the effect of land use type on the status biological indicators and soil
fertility in calcareous soils of Fars province has not been investigated, and the need to conduct
such research is essential. Therefore, this study aimed to evaluate the status of some biological
and fertility indicators in calcareous soils in different land uses in a part of Fars Province.
Materials and Methods

In this study, soil samples were taken from 300 points located located in the central and
northern half of Fars province. These samples were collected from May to July 2019 from a
depth of 0 to 30 cm in four land uses, including forest, agriculture, strong rangeland, and poor
rangeland.

Samples taken from each point, were transported into plastic bags and, after labeling, sent to the
laboratory. Then, for chemical analysis and measurement of the desired properties, they were
air-dried, and passed through a sieve with a two mm opening diameter. In addition, in these
samples, some biological and soil fertility indicators, including organic matter, trace elements,
and soil microbial respiration, were measured using standard conventional methods.
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In this study, the normality of the data distribution was examined using the Kolmogorov-
Smirnov statistical test. One-way analysis of variance (ANOVA) of the data was performed in a
completely randomized design using the SPSS software. To the significance of the difference in
the mean size of the studied soil properties among the considered land uses, the comparison of
mean was also performed using Duncan's multiple range test at the probability level of 5%.
Results and Discussion

The results of this study showed that the difference in the manganese, copper, iron, organic
matter, and basic soil respiration indices were significant among the studied land uses. The
indices related to the amount of iron, copper, zinc, sodium, organic matter, and microbial
respiration in agricultural lands were higher than in poor rangeland lands. The reason for this
finding was the use of chemical fertilizers in these lands. Also, in lands with good vegetation
cover, the amounts of organic matter and trace elements were higher due to the greater return of
organic matter to the soil and the increased rate of organic matter decomposition. Also, in
agricultural soils, duo to the secretion of organic acids from the plant rootsand formation of
chelates with trace elements in the soil the solubility and absorbable form of these elements in
the soil increased. In forest lands, more organic matter was stored in the soil as leaves and
branches of the plant fell. While in other uses, the amount of organic matter returned to the soil
was much lower. In other words, this change in the amount of organic matter in different land
uses was related to the amount of input and removal of organic matter in each land use, such
that in forest lands the amount of organic matter entering the soil is high and the amount of
removal (exit) is lower. The highest amount of organic matter (3.45%) was observed in forest
soil and the lowest amount of organic matter (1.64%) was found in rangelands with poor
vegetation cover. This finding indicated the greater capacity of forest lands for carbon
sequestration compared to lands of other land uses studied. Additionally, the highest soil
microbial respiration was observed in agricultural (20.10 mg CO./g per day) and forest land
(20.02 mg COa/g per day), and the lowest soil respiration was found in poor rangelands (12.40
mg CO./g per day), which was a function of organic matter change pattern. Soil respiration is a
climate-dependent characteristic, and it is increased by high organic matter, the addition of new
organic matter, and the diversity and abundance of microorganisms.

Conclusion and Suggestions

The results of the study of biological and soil fertility indicators in the various land uses studied
showed that, in general, the type and change of land use and, as a result, changes in the
conditions or methods of land management and management operations can significantly affect
various indicators related to biological status and soil fertility. Therefore, ignoring the type of
land can lead to a decrease in yield in the short term and ultimately to a loss of natural resource
utilization in the long term. According to the results, poor rangeland lands, compared to other
land uses, require more specific and well-documented management programs to restore them,
prevent the process of destruction, reduce fertility and biological quality, and restore soil
potential. In this regard, it is recommended that serious and continuous monitoring of vulnerable
lands be carried out to examine the potential fertility and soil fertility, and to measure declining
trend and the speed of loss of productive power. It is also suggested that, along with
implementing coordinated and documented programs and raising public awareness, people's
forces be utilized to protect the lands.

Keywords: Biological characteristics, land management, land use, micronutrients, organic matter,
soil respiration
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Table 1- Numerical Values for Verbal Judgments in Pairwise Comparisons

Verbal Judgment

Numerical Value

Absolutely preferred/Absolutely more important/Absolutely more desirable 9

Very strongly preferred/Very strongly more important/Very strongly more desirable

7
Strongly preferred/Strongly more important/Strongly more desirable 5
3

Moderately preferred/Moderately more important/Moderately more desirable

Equally preferred/Equally important/Equally desirable
Intermediate values between adjacent judgments

1
2,4,6,8
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Figure 4- Maps of effective parameters in aquifer vulnerability assessment: a) Distance from fault,

b) Land use, c) Lithology, d) Average drop, e) Slope of table drop changes, f) Distance from river
g) Average groundwater level, h) Density of production wells in the aquifer.
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Figure 5- The weight of the selected criteria for locating using the hierarchical analysis method.
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Figure 7- Thiessen network in Shamil-Ashkara Aquifer.

398000 405000

412000

419000 426000

3130000
"

3125000
L

3120000
L

[ Unsuitable well
[0 Suitable well

© Well

3110000 3115000
N N

Sy = o ylg2usT 30 by o ol asd 31 bl g cawlivo glrolr—A S
Figure 8-Suitable and unsuitable wells in terms of location in the Shamil-Ashkara Aquifer.



ITATE w9 §001S (oS 5 0,85y 3l oolhiiunl by (Lo 1§ ST Gl At 45t
. L4

DT Jocds gl 55 comd GLoASI 53 1 ()0 Ol Lol (1Silso - ¥ Jgur
Table 2- Average location scores in Thyssen networks in Shamil-Ashkara Aquifer.

Observation well number Average location score
w14 0.0972
w12 0.0996

w7 0.1001
w9 0.1075
W16 0.1126
w19 0.1159
W2 0.1240
w4 0.1425
w23 0.1478
w1 0.1591
W20 0.1600
w28 0.1600
w8 0.1744
W25 0.1754
w10 0.1806
W5 0.1814
w17 0.1817
W13 0.2037
w27 0.2100
W3 0.2161
w21 0.2178
W26 0.2244
w11 0.2309
w22 0.2316
W24 0.2359
w18 0.2397
W6 0.2501
W15 0.2593
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Table 3- Homogeneity test results using Pettitt method in minor wells

Well K T t  p-value (Two-tailed) Alpha
W7 117 734.00 48 <0.0001 0.05
W12 104 7716.00 128 <0.0001 0.05

W16 185 - - < 0.0001 0.05
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Figure 9- Data homogeneity status in study wells: (a) Well No. W9, (b) Well No. W7, (c) Well No.
W12, (d) Well No. W14, (e) Well No. W16.
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Table 4 (Part 1) - Correlation Coefficients of Wells in the Shamil-Ashkara Aquif.

W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11
w1 0.92%** 0.92%**  (0.92%**  (0.92***  (.91*** (0.92*%** (92*** (.92*%** (.92*** (.92***
W2 0.82%** 0.80***  0.82*** (0.81*** (0.81*** (0.83*** (0.82*** (0.82*** 0.81*** (0.80***
W3 0.90***  0.88*** 0.90***  0.89***  (0.90*** 0.91*** 0.90*** 0.90*** 0.90*** (.89***
W4 - -0.97*** - - - - - - - -

0.97*** 0.96*** 0.96*** 0.97*** 0.96*** 0.96*** 0.97*** 0.96*** 0.97***
W5 -0.44**  -0.41** -0.41**  -0.43** -0.42**  -0.46**  -0.44**  -0.44**  -0.43**  -0.42**
W6 0.91%**  (0.91*** 0.91%**  (0.92***  (.91*** 0.92%**  (0.92***  (0.91*** (.92***  (.91***
W7 0.28* 0.32* 0.31* 0.28* 0.31* 0.29* 0.28* 0.28* 0.29* 0.30*
w8 0.17ns 0.18ns 0.17ns 0.18ns 0.19ns 0.19ns 0.17ns 0.18ns 0.18ns 0.17ns
W9 0.19ns 0.19ns 0.20ns 0.21ns 0.20ns 0.18ns 0.20ns 0.20ns 0.20ns 0.18ns
W10 -0.16ns -0.12ns -0.12ns -0.15ns  -0.12ns  -0.14ns  -0.17ns  -0.16ns -0.15ns -0.13ns
W11 0.80***  0.79*** 0.79***  0.81*** (0.80*** 0.79*** 0.81*** 0.80*** 0.80*** 0.80***
W12 0.89***  0.90*** 0.90*%**  0.90*** 0.91*** 0.90*** (0.88*** (0.89*** (0.89*** (0.90*** (0.90***
W13 0.46** 0.47** 0.47** 0.47** 0.47** 0.47%* 0.46%* 0.46%* 0.46** 0.47** 0.47**
W14 0.76***  0.75%** 0.75%**  0.77***  Q.75***  Q.75*** Q. 77*** 0.77*** 0.76*** 0.76*** (0.75***
W15 0.94%**  (.94*** 0.94%**  0.94***  (0.94***  (.94***  (.94***  (94***  (94***  (.94*** (.93***
W16 0.80***  0.82*** 0.82*%**  (0.80*** 0.82*** (0.82*** 0.79*** 0.80*** 0.81*** 0.81*** (0.81***
W17 -0.32* -0.29* -0.30* -0.31* -0.29* -0.31* -0.33* -0.32* -0.31* -0.31* -0.32*
W18 -0.08ns  -0.08ns -0.08ns  -0.06ns  -0.06ns -0.08ns  -0.08ns -0.08ns -0.08ns -0.07ns  -0.10ns
W19 0.93***  (0.94*** 0.94***  (0.93***  (0.94***  (.94*** (0.93*** (0.93*** (0.93*** (.94***  (.94***
W20 0.93***  (0.94*** 0.93***  (0.93***  (0.94***  (.94*** (.92*** (.92*** (.093*** (.93*** (.93***
W21 0.15ns 0.18ns 0.18ns 0.15ns 0.18ns 0.17ns 0.13ns 0.14ns 0.15ns 0.16ns 0.17ns
W22 - -0.96*** - - - - - - - - -

0‘96*** 0‘96*** 0.96*** 0.96*** 0.96*** 0.96*** 0.96*** 0.96*** 0.96*** 0.96***
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Table 4 (Part 2)- Correlation Coefficients of Wells in the Shamil-Ashkara Aquif.

W12 W13 W14 W15 W16 W17 W18 W19 W20 W21 W22

w1 0.92%**  0.92%**  0.92%** 0.92*%** 0.92%** 0.92*%** 0.92*** 0.92*%** 0.92*** 0.92%** (0.92***
W2 0.83*** 0.82*** 0.80*** 0.81*** 0.84*** 0.81*** 0.82*** 0.83*** 0.83*** 0.82*** 0.82***
W3 0.91***  0.90*** 0.89*** 0.90*** 0.91*** 0.90*** 0.90*** 0.91*** 0.91*** 091*** 0.90***

0.97*** 0.97*** 0.97*** 0.96*** 0.96*** 0.96*** 0.96*** 0.96*** 0.96*** 0.96*** 0.96***
W5 -0.47*%*  -0.44**  -041** -0.43** -047** -042** -043** -0.46** -0.46** -045** -0.43**
W6 0.92***  (0,92***  (0.90***  (0.92***  (,93*** (. 92***  (02*** (. Q3*** (. 93*** (,92***  (,92***
W7 0.25* 0.28* 0.30* 0.29* 0.25* 0.30* 0.28* 0.26* 0.26* 0.27* 0.29*
W8 0.17ns 0.17ns 0.19ns 0.17ns 0.14ns 0.19ns 0.18ns 0.16ns 0.15ns 0.17ns 0.19ns
W9 0.19ns 0.19ns 0.17ns 0.20ns 0.21ns 0.20ns 0.20ns 0.21ns 0.21ns 0.20ns 0.21ns
W10 -0.18ns -0.16ns  -0.12ns  -0.14ns -0.19ns  -0.13ns  -0.15ns  -0.18ns  -0.18ns -0.16ns  -0.14ns
W11 0.81*** (0.81*** (0.78*** 0.80*** (0.81*** (0.80*** 0.81*** 0.81*** (0.81*** (.81*** (.81***

W12 0.89***  0.90*** (0.90*** (0.88*** (0.90*** (0.89*** 0.88*** (0.88*** 0.89*** (0.90***
W13  0.46** 0.47** 0.47** 0.46** 0.47** 0.47** 0.46** 0.46** 0.46** 0.47**
W14 0.77***  0.77*%** 0.76***  0.79***  0.76*** 0.77*** 0.79*** 0.78*** 0.77*** (0.77***
W15  0.95%**  (0.94***  (.94*** 0.94%**  0.94***  0.94***  (0.94***  0.94***  (.94***  (,94%**
W16 0.79*** 0.80*** 0.82*** (.81*** 0.82***  (0.81*** 0.78*** (0.78***  0.80*** (0.81***
w17 -0.33* -0.32* -0.30* -0.32* -0.35* -0.31* -0.34* -0.34* -0.32* -0.30*
W18 -0.08ns -0.08ns -0.08ns -0.08ns  -0.09ns  -0.06ns -0.08ns  -0.09ns  -0.07ns  -0.06ns
W19 0.92*** (0.93*** (0.95*** (0.93*** (0.91*** (.94*** (.93*** 0.92%**  (0.93***  (.93***
W20 0.92*%** (0.93*** (0.94*** (0.93*** (.91*** (.94*** (.93*** (.92*** 0.93***  (,93***
W21 0.12ns 0.14ns 0.17ns 0.16ns 0.11ns 0.16ns 0.15ns 0.12ns 0.13ns 0.15ns
w22 - - - - - - - - - -
0.96***  0.96***  0.96*** 0.96*** 0.96*** 0.96*** 0.96*** 0.96*** 0.96*** 0.96***

ns: Not significant NS o gine ué

*: Significant at 95% confidence level (p < 0.05) (0<0.05) 730 liwobsl gelacs )3 o ine 1

**: Significant at 99% confidence level (p < 0.01) (P<0.01) 7. 98 (lobsl mhaw o o sime s

***: Significant at 90% confidence level (p < 0.001) (P<0.001) 78+ el gaws )0 lo sne st

Table 5 - Relative importance of wells in Shamil-Ashkara Aquifer.

Relative importance  Observation well number Relative importance Observation well number

0.77 W16 0.93 w24
0.74 w14 0.92 W4
0.64 w27 0.92 W22
0.607 W26 0.90 W25
0.44 W13 0.90 W15
0.42 W5 0.90 w23
0.30 w17 0.89 W19
0.27 W7 0.89 w20
0.19 W9 0.88 W1
0.16 W8 0.88 W6
0.16 w28 0.87 W3
0.14 W10 0.86 W12
0.14 w21 0.79 W2

0.07 w18 0.77 W11
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Figure 10- Relative importance of wells in Shamil-Ashkara Aquifer.
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Figure 11- Fitted variograms in Shamil-Ashkara Aquifer.
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RMSE

14.22 Before removing minor wells

14.41  After removing the less important wells by PCA method

17.08  After removing the less important wells with AHP method
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Extended Abstract

Introduction and Goal

Groundwater resources as a major portion of the world's freshwater reserves, play a vital role in
meeting human needs and maintaining ecosystems. On the other hand, unsustainable extraction,
climate change, and pollution have posed serious challenges to these valuable resources.
Declining water levels, deteriorating quality, and land subsidence are among the negative
consequences of excessive groundwater extraction. Effective and sustainable management of
these resources requires precise monitoring and continuous assessment of their quantitative and
qualitative status. Groundwater monitoring networks, by collecting data on water levels and
quality, enable the evaluation of resource conditions and the identification of potential issues.
On the other hand, the optimal design of these networks is challenging due to cost and
operational constraints. The objective of this research was to investigate and optimize the
existing network of observation wells in the Shamil-Ashkara aquifer, located in the northeast of
Hormozgan province, using data mining and artificial intelligence methods, including Analytic
Hierarchy Process (AHP), Principal Component Analysis (PCA), and the Non-dominated
Sorting Genetic Algorithm Il (NSGA-II). In addition to examining improvements in monitoring
network efficiency and reducing associated costs, this study also identified optimal locations for
constructing new observation wells.

Materials and Methods

The study area, the Shamil-Ashkara plain in the northeast of Hormozgan province, covers an
area of 321.93 km? and features diverse geological formations (including the Bangestan, The
Aghajari, Gachsaran, Asmari, Razak, Hormuz, Gurpi, Mishan, and Quaternary alluvium).
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Studied aquifer was located within the Quaternary formations, and the land use comprised poor
rangeland, agriculture, and residential areas. In this research, suitable locations for constructing
observation wells were initially determined using the Analytic Hierarchy Process (AHP)
method. Eight criteria were considered, including the long-term average groundwater level,
annual groundwater decline rate, slope of decline changes, density of exploitation wells,
distance from the river, geological formation, land use, and distance from faults. The weight of
each criterion was calculated using pairwise comparisons and Expert Choice software. Then,
using ArcGIS software, final map prioritising suitable locations was prepared. In the next step,
the current monitoring network was compared with the site selection results. Using Thiessen
networks and calculating the average site selection scores in each polygon, less significant wells
were identified. Homogeneity tests were performed on the less important wells to ensure the
selection was correct. Then, using the PCA method, the relative importance of the monitoring
wells was determined. By sequentially removing each well and calculating the correlation
coefficient between the data of the remaining wells and the first principal component (PC1), the
relative importance of each well was calculated. Additionally, the lack of certainty resulting
from the removal of insignificant wells was assessed using the average coefficient of variation
of groundwater levels. To investigate the effect of removing insignificant wells on interpolation
error, the kriging method was used. Two scenarios were examined, including the use of all wells
and the removal of insignificant wells, and the standard error and RMSE were calculated. At the
end, using the NSGA-II algorithm, the optimal network of observation wells was determined.
Two objective functions, including the number of observation wells and the minimum RMSE of
groundwater level, were minimised. The IDW method was used to estimate the groundwater
level in the deleted wells.

Results and Discussion

The results of AHP show that the highest priority for constructing observation wells was due to
the concentration of agricultural activities, the high density of wells, and the severe decline in
water levels in the southern and southeastern. In this analysis, the most important factor was the
density criterion of exploitation wells with a weight of 0.327, followed by the criterion of
groundwater level reduction (0.245) and land use (0.15). The inconsistency rate was calculated
as 0.04, indicating an appropriate consistency of the expert judgments. Comparing the current
monitoring network with the AHP results showed that five wells (W7, W9, W12, W14, and
W16) had an average location score of less than 0.113, indicating they were unsuitable from a
location perspective. The homogeneity tests of the data using the Pettitt method and a p-value of
less than 0.05 also indicated the lack of homogeneity of the data from these wells. The results of
PCA showed that the insignificant wells identified by this method (W8, W10, W18, W21 with
correlation coefficients of less than 0.20) were different from the wells identified by the AHP
method, and this difference was due to the differing structure and input data of the two methods.
This is because in the PCA method, only water level data is used, whereas in the AHP method
more criteria are considered. The analysis of the kriging results showed that the removal of
insignificant wells based on AHP led to a decrease in the interpolation standard error from an
average of 4.8 to 4.2 m. Additionally, the removal of wells based on PCA caused an increase in
this error from 4.8 to 3.5 m. On the other hand, in both methods, the removal of less important
wells led to an increase in RMSE. In the AHP method, the root mean square error decreased
from 22.14 to 17.08 m (a 1.20% increase), while in the PCA method it changed from 22.14 to
41.14 m (a 3.1% increase). The NSGA-II algorithm for the monitoring network proposed an
optimal configuration of 16 wells, which represented a 43% reduction in the number of wells
compared to the initial network of 28 wells. Moreover, the RMSE only increased by 7.3% (from
22.14 to 26.15 m). The coefficient of variation of groundwater level in the optimal network was
calculated to be 0.89, which was close to its value in the main network (0.92). This finding
indicates the preservation of important hydrogeological information in the reduced network.
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Conclusion and Suggestions

The AHP method for determining optimal locations for observation wells was effective and its
use is also recommended in other plains. Furthermore, it is suggested to employ other variables
and the output of groundwater models to enhance the efficiency of this method. Additionally,
the use of PCA and NSGA-II methods will lead to the optimisation of monitoring networks.

Keywords: AHP, Dasht Shamil-Ashkara, groundwater, Hormozgan, monitoring network
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Figure 1- Theoretical framework of the research.
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Figure 2- Benchale Watershed in Kermanshah Province (study area).
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Table 1- Cronbach's alpha and the set goals of the participation items in the implementation phase
of water and soil conservation projects.

Cronbach's ~ Watershed residents' participation items

Partnership Goals alpha in the Benchele watershed Row
Watershed residents' care of projects after 1
their completion
Participation in the construction project of 2
a cement-mortar flood dam
Participation in the construction of 3
terraces
Participation in the flood distribution 4
project
Participation in the construction of 5
Runoff control and flood control e banguet halls
Preventing soil erosion o 092 Participation in the project to build small 6
Directing water to the surface of e ' watersheds
groundwater aquifers Cooperation of watershed residents with 7

experts in the project planning phase
Cooperation of watershed residents with
experts in the location selection phase for 8
flood dam construction
Participation in the gabion dam
construction project
Positive attitude and intention of
watershed residents towards water and 10
soil conservation
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Table 2- Levels of participation among watershed residents in the Benchale Watershed.

Number of
Average watershed Customary
Meaningfulness Khi two participation residents Row
rate (statistical system
population)
51.11 37 Baba Aziz 1
47.46 84 Badrabad 2
46.29 29 Banauch 3
43.41 102 Benchele 4
40.36 37 Zirjoubi 5
36.47 50 Sardam 6
0.001 15.247 35.49 20 Salkan 7
32.18 57 Sadeghabad 8
29.35 16 Qalanjeh 9
21.7 25 Kani Khezran 10
Kani
24.58 29 Kechkina 11
23.9 91 Gel Sefid 12

Lowest participation: 21 Highest participations: 54 df =11

L jaserl 8 Lo b (gl s 6l o oo bLS 1 -F Jgux
Table 3- Relationship between contextual variables and watershed residents’ participation.

Household size Distance of
Watershed
. (number of watershed
Education - management  Income  Age Gender
family . from
history .
members) residence

Spearman's

0.112 correlation

coefficient

Pearson

0.415 0.390 0.315 0.442 0.293 -0.397 correlation
coefficient
0.0 0.001 0.007 0.022 0.001 0186  Significance

level
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Table 4 - Gender differences in interviewee participation.

Average participation and behavior of watershed

Sig Khitwo Residents in water and soil conservation projects Status Variable
38.18 Man (1)
0.166 2.06 33.16 Woman (2) Gender
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Table 5 - Differences between different age groups in the participation of interviewees

Average participation and behavior of watershed

Sig Khitwo residents in water and soil conservation projects Status  Variable
<35
30.18 35-50
0.008 14.022 1512 5165 Age
38.75 > 65
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Table 6 - Differences between different classes of distance from the watershed to the place of
residence with the participation of watershed residents.

Average participation and behavior of watershed

Sig  Khitwo : . . . : Status Variable
residents in water and soil conservation projects
36.28 <1
0008 15072 29.46 12 Distance from the area
' ' 16.1 2-3  to the place of residence
15.8 >3
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Table 7- Differences between different classes of watershed management experience in partnership

Average participation and behavior of watershed

Sig  Khitwo . ; ; . ; Status Variable
residents in water and soil conservation projects
13.13 <35
24.44 35-50
0009 14.015 Watersheq management
50.39 51-65 history
26.33 > 65
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Table 8 - Differences between different education levels in the participation and behavior of
interviewees

Average
participation
and behavior

Khi of watershed

Sig . . Status Variable
two residents in
water and soil
conservation
projects
39.43 Iliterate (0)
33.63 Elementary (1-5)
0.006 14.61 12.67 Guidance (6-9) Education
285 Secondary and

above (more than 9)
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Table 9 - Differences between different annual income classes in watershed participation.

Average participation of

Sig  Khitwo watershed residents Status Variable
11.30 <6
14 6-8 .
0.001 25.36 30 810 Annual income
44.33 > 10
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Table 10 - Differences between different household size groups in watershed participation.
Average participation

Sig Khitwo and behavior of watershed residents Status Variable
11.88 1-2
27.54 3-4 Household size
0002 14.85 28.05 5-6  (number of family members)
44.8 >6
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Extended Abstract

Introduction and Goal

Sustainable governance of natural resources is a set of local institutional social actions and
reactions of all watersheds beneficiaries. This approach, by providing an appropriate
environment for presenting participatory process models, is considered a suitable platform for
strengthening the target community alongside the government and the private sector. Given the
complexity of issues related to natural resources, management them is not an absolute respond
to existing problems; for this reason, numerous approaches have been presented in this field in
recent years, among the most important approaches is the important role of local community
participation alongside sustainable governance. Because, by examining the role of participation
available to rangers and the relationship between them, the necessary basis is provided for
determining an efficient policy to improve the level of voluntary participation of rangers. The
sustainability of watershed management programs depends on the active participation of
watersheds in planning and implementation activities. Therefore, it is important to examine the
demographic characteristics of each watershed as one of the factors affecting watershed
participation. Therefore, this study aimed to investigate demographic factors as one of the
factors affecting watershed residents' participation in the Benchele watershed of Kermanshah,
which indicates the difference in rangeland management goals among beneficiaries. In addition,
the extent of rangeland owners' participation in achieving specific rangeland management goals
was also examined.

Materials and Methods

The research was applied from the perspective of purpose, descriptive-survey research from the
perspective of research method, and quantitative research from the perspective of the nature of
the data. The target population included the customary users of the Benchele watershed. The
statistical population in this study was 569 household heads.
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The sample size of this study was determined using the Cochran formula as 229 heads
consisting of men and women. Random sampling was used to select the samples. The tool used
in this method to collect data and information was a questionnaire. The validity of the
questionnaire was confirmed by experts and its reliability was confirmed by Cronbach alpha
coefficient (alpha greater than 0.7). Data analysis was performed using SPSS version 26
software. The participatory items in this study were determined with the goals of controlling
runoff and controlling floods, preventing soil erosion, and directing water to the surface of
groundwater tables in the Benchele watershed. The questions focused on demographic variables
that affect the variable of watershed participation. In the analysis of the collected information,
the descriptive statistics of the mean and the inferential statistics of Pearson, Spearman and Chi-
square were used. In the analysis of the collected information, the descriptive statistics of the
mean and the inferential statistics of Pearson, Spearman and Chi-square were used. In order to
examine the relationship between the variables of age, income, watershed management history,
household size, distance of the watershed from the place of residence and education, the Pearson
statistic was used, and to examine the relationship between the variable of gender and the level
of participation, the Spearman test was used. Also, the Chi-square statistic was used to examine
the relationship between different levels of variables based on their contribution size.

Results and Discussion

The results obtained from the Pearson correlation test showed that there was a positive and
significant relationship between the variables of age, income, and distance from the watershed
to the place of residence, watershed management experience, and household size with the
participation of watershed residents. The results obtained from the Spearman correlation test
showed that the relationship between gender and individual participation in the Benchele
watershed was not significant. The results obtained from the Kruskal-Wallis test also showed
that, except for the gender variable, the relationship other variables such as age, annual income,
watershed management experience, education level, distance from the watershed to the place of
residence, and household size was significant with participation. The results obtained from the
Kruskal-Wallis test showed that the difference in participation among the 12 villages studied
was significant. The highest average participation was in the villages of Baba Aziz (11.51) and
the lowest participation was in the villages of Gel Sefid (9.23). Based on the results of this
study, it will be necessary to examine various demographic factors in assessing the level of
participation of watershed residents. The results indicated that people with lower literacy levels
were more likely to participate in implementing conservation projects due to their greater
dependence on watersheds for their livelihoods. As household size increases and household
livelihoods improve, the willingness to participate in water and soil resource protection projects
and benefit from their benefits will also increase. Based on the results of this study, gender was
not identified as an effective predictor of individuals' participation in natural resource
management plans.

Conclusion and Suggestions

The importance of watershed management as a holistic approach to the sustainable management
of water and soil resources in the field of watershed management. Among these, demographic
factors are considered to be among the most important factors affecting participation. In Iran,
one of the ways to achieve sustainability and principled exploitation of watersheds by society is
to examine demographic characteristics. Demographic factors form the main structure of
society's behavior towards water and soil resources. On the other hand, the behavior of
individuals in the watershed will also guarantee the health of the watershed. Apart from gender,
the effect of various demographic factors, including age, watershed management experience,
annual income, education level, household size, and distance of watershed residents from the
watershed, on participation varied. This difference was largely due to the understanding of
water and soil resources and the livelihood status of local communities. Therefore, this study
aimed to investigate demographic factors as one of the factors affecting watershed residents'
participation in the Benchale watershed of Kermanshah, which showed the difference in
rangeland management goals among beneficiaries. In addition, the extent of rangeland owners'
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participation in achieving specific rangeland management goals was also investigated.
Therefore, it is suggested that educational programs should be defined for all segments of the
Benchale watershed of Kermanshah province, regardless of economic and social conditions.
Therefore, it is suggested that diverse sources of income be provided to target communities and
that efficient education and financial support packages be provided to different groups of
watershed residents in order to actively participate in water and soil resource protection
programs.

Keywords: Benchele watershed, demographics, exploitation of water and soil resources,
participation, questionnaire
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Table 1- Number of households, population and sample selected from each village.

No Name of the Number of The population Number of
village households samples
1 Baghan 415 1574 94
2 Eslamabad 21 85 5
3 Bonbid 51 170 12
4 Darvishi 122 426 28
5 Kerdelan 170 617 38
6 Beshak 5 16 1
7 Chahgah 92 334 AR
8 Kharvak 11 34 2
9 Kardeneh 22 69 5
10 Keshto 12 44 3
11 Haj Ahmadi farm 7 25 2
12 Sena 393 1411 89
total sum 1321 4805 298
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Table 2- Indicators and sub-indices affecting non-participation of people in watershed projects.

Indicator Subindex Abbreviation
Low level of literacy and awareness X1
social Local and ethnic differences X2
Lack of confidence in project results X3
Concentration of decision-making power at the center X4
Failure to employ local labor in project implementation X5
design-execution (employment generation)
Lack of attention to NGOs (CSOs) and local trustees X6
Failure to seek input from stakeholders during the design and X7
development stages of projects
Ignoring people's income as a direct economic incentive in X8
] implementing watershed management projects
economic The slow return on investment of watershed management projects X9
Low income of basin residents X10
. Lack of education of basin residents regarding relevant plans and
Educational and goals g g P X11
promotional Not using a local promoter group X12
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Table 3- Compatibility ratio and normalized calculation weight of indicators.

Indicator Cl RI CR L M U Normal weight
economic 0.18 0.39 0.76 0.409
social 0.06 0.14 0.33 0.156
design-execution 0.089 09 0.082 0.16 0.43 1.17 0.435
Educational and 002 004 008 0.00
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Table 4- Ranking of the factors affecting people's non-participation in watershed management
activities from the point of view of experts.

Number ~ Kaye degree

Priority agent a\;z:]akge of skoer of Siglr;i\f:)clant
samples freedom
Lack of education of basin residents regarding relevant
1 8.49
plans and goals
Lack of attention to local workforce in project
2 . - L 8.26
implementation (Employment creation)
Lack of attention to the opinions and suggestions of
watershed residents in the various stages of needs
3 . . . 7.78
assessment, design, and implementation of watershed
management projects.
Ignoring people's income as a direct economic incentive in
4 . . . 7.65
implementing watershed management projects
5 Not using local promotional groups 7.53
6 Concentration of decision-making power at the center 6.90 34 76.68 1 0.00
7 Low income of rural households in the basin 6.49
8 Low level of literacy and awareness 6.06
9 Lack of confidence in the results and effectiveness of 5.8
projects '
10 Lack of attention to non-governmental organizations 518
(NGOs) in watershed management planning ’
11 Ethnic and local differences 434
The slow return on investment of watershed management
12 . 4.06
projects
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Table 5- Ranking of indicators affecting people's non-participation from the perspective of
local communities of Bushkan Watershed.
Number degree N
- . average kaye 9 Significant
Priority Indicator of of
rank eskoer level
samples freedom
1 economic 7.26
2 design-execution 6.27
3 social 5.46 298 20.13 3 0.26
4 Educatlor_1al and 793
promotional
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Table 6- Ranking of sub-indices affecting people's non-participation from the perspective of local
communities of Sana Dam Watershed.

Number  kaye degree -
Priority agent average Sigificant
samples  €SKOET  freedom
1 Not using local promotional groups 8.82
2 Low income of rural households in the basin 8.29
3 The slow return on investment of watershed 777
management projects '
4 Lack of confidence in the results and effectiveness of 733
projects '
Lack of attention to local labor in implementing
5 8 - 6.93
projects (employment creation)
6 Lack of attention to non-governmental organizations 6.68
(NGOs) in watershed management planning '
7 Concentration of decision-making power at the center 6.27 298  60.62 11 0.00
Ignoring people's income as a direct economic incentive
8 I - . 6.03
in implementing watershed management projects
9 Lack of education of basin residents regarding relevant 563
plans and goals '
Lack of attention to the opinions and suggestions of
watershed residents in the various stages of needs
10 - - : 5.19
assessment, design, and implementation of watershed
management projects
11 Ethnic and local differences 4.78
12 Low level of literacy and awareness 4.27
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Table 7- Ranking of indices and sub-indices affecting non-participation of people from the point of
view of experts and local communities of Sana Dam Watershed.

Priority

Priority

the people  Experts Abbreviation Subindex the people  Experts Indicator
12 8 X1 Low level of literacy and awareness
11 11 X2 Local and ethnic differences 4 3 social
4 9 X3 Lack of confidence in project results
Concentration of decision-making power at the
7 6 X4
center
Failure to employ local labor in project
5 2 X5 - - : .
implementation (employment generation) 3 design-
Lack of attention to NGOs (CSOs) and local execution
6 10 X6
trustees
Failure to seek input from stakeholders during
10 3 X7 . .
the design and development stages of projects
Ignoring people's income as a direct economic
8 4 X8 incentive in implementing watershed
management projects 1 ’ .
The slow return on investment of watershed economic
3 12 X9 .
management projects
2 7 X10 Low income of basin residents
Lack of education of basin residents regarding Educational
9 1 X11
relevant plans and goals 2 4 and
1 5 X12 Not using a local promoter group promotional

Z expert @ the people

%!

7 A Y

|

7 I
I

Xs X6 7 8

Sub-indexes

A
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Figure 2- Prioritization of sub-indices affecting people's non-participation from the perspective of
two expert groups and Sana Dam Watershed local communities.
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Extended Abstract

Introduction and Goal

Numerous factors contribute to the lack of public participation in watershed management
projects. Awareness of the factors inhibiting public participation in watershed management
projects is the most fundamental step in realizing effective public participation and achieving
the goals of comprehensive watershed management. In this regard, prioritizing indicators and
sub-indicators that affect the lack of public participation is a fundamental step in the cycle of
public watersheds management proper management of watersheds. Identifying and
prioritizations factors is the key to adopting measures to eliminate barriers to stakeholder
participation and maximize the participation of watershed residents. The comprehensive and
efficient watershed management plans are implemented by the Natural Resources and
Watershed Management Organization and its affiliated general departments of natural resources
and watershed management in various provinces of the country. This, along with reduce

implementation costs, also guarantees the success and more effective implementation of
projects. This research aimed to identify and prioritize the factors affecting the lack of
sustainable participation of rural communities in watershed management plans in the Sana Dam
watershed of Bushehr province based on the views of watershed residents and experts.
Materials and Methods

The research area was the Sana Dam watershed, part of the Shanbeh and Tasuj districts of
Dashti County in Bushehr Province in the south of the country. In the watershed, after
determining and classifying the indicators and sub-indicators affecting the lack of sustainable
public participation in watershed management plans from the perspective of watershed
residents, paired comparison questionnaires and Likert scale were used as measurement tools,
and the validity of the questionnaires was confirmed based on the experts perspectives. After
completing the analytic hierarchy process questionnaires by 34 experts, the indicators were
prioritized using the fuzzy analytic hierarchy process. The sample unit was determined as a rural
household, and the Cochran formula was used to calculate the sample size. Based on the number
of households in this rural district (1321 households), 298 questionnaires were completed by the
head of the household.
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Results and Discussion

The results of the hierarchical analysis from the experts' perspective show that the relative
priority in the lack of public participation in watershed management plans in the Sana Dam
watershed was related to the sub-index of not educating watershed residents about the plans and
their goals (mean rank 8.49), and the lowest relative priority was related to the sub-index of
being late-paying watershed management plans (mean rank 4.06). From the perspective of local
communities, the highest relative priority in the lack of public participation in watershed
management projects in this watershed was related to the sub-index of not using local advocacy
groups (mean rank 8.82) and the lowest relative priority was related to the sub-index of low
literacy and awareness (mean rank 4.27).

Conclusion and Suggestions

In the Sana Dam watershed of Bushehr province, the results of the weights obtained from the
fuzzy analytic hierarchy process method for ranking the indicators affecting the lack of public
participation from the perspective of experts indicate that the greatest role in the lack of
participation of local communities in watershed management plans was related to the design-
implementation, economic, social, and finally educational and promotional indicators,
respectively. The results obtained from the Friedman test for ranking the indicators affecting the
lack of public participation from the perspective of local communities were somewhat different
from the rankings results from the perspective of experts. From the perspective of local
communities, the greatest role in the lack of participation of these communities in watershed
management plans in Bushehr province in the Sana Dam watershed was related to economic,
educational and promotional, social, design-implementation, and social indicators respectively.
According to the results of this research, it is suggested that holding training courses and classes
with the aim of increasing the information and knowledge of local communities regarding
watershed management projects shuld be priority. It is also suggested that the most trustee's
local people (white-bearded and elderly people, educated people, members of the Islamic
Council, and village teachers) be employed as local promoters for the residents of the region,
along with public organizations (associations), to promote the goals of the projects and provide
the basis for attracting public participation in the said projects. In addition, to provide conditions
for the active participation of watershed residents in various stages of decision-making, design-
implementation, and maintenance and restoration of watershed management plans, it is
recommended to develop a description of new watershed management services based on the
participation of local communities and other beneficiaries. Also, in order to employ local labor
and villagers in implementing projects and create some kind of employment for them, it is
suggested to sign concluding contracting contracts with the council or villagers, amending
contractors' contracts, and regulating and including a clause on employing local residents in
implementing projects.

Keywords: Friedman tests, Fuzzy hierarchical analysis, ranking, Sena Dam watershed, watershed
management, watershed residents' participation
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1- Sheet Erosion
2- Rill Erosion
3- Gully Erosion
4- Tunell Erosion
5- Smectite
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9- Astragalus spp.

10- Poaceae

11- Lactuca serriola

12- Echinops ritro

13- Achillea millefolium
14- Salsola kali

15- Alhagi maurorum
16- Cynara cardunculus
17- Tamarix spp.

18- Thymus vulgaris
19- Prunus spinosa

20- Acantholimon spp.
21- Amygdalus orientalis
22- Hymenocallis spp.
23- Prunus amygdalus
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Figure 1 - The location of the study area, Geological Formation and sampling points of two
hydrogeological units.
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Table 1 - Comparison of the Mean Sand, Silt, and Clay Content in the Marls of Tang-e-Sorkh (T)
and Bard-e-Kal (B) Watersheds Using the T-Test.

Variable Sub-basin  Mean Standard Deviation Standard Error _ Significance

Sand T 20.15 8.86 2.67 0.06 *
B 28.20 9.22 2.92

Silt T 44.16 4.67 1.41 0.41
B 41.24 10.48 3.32

Clay T 35.69 6.48 1.95 0.13
B 30.56 8.39 2.65
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Table 2 - Comparison of the Mean Anions and Cations in the Marly Soil of Tang-e-Sorkh (T) and
Bard-e-Kal (B) Watersheds Using the T-Test.

Variable Sub-basin  Mean Standard Deviation Standard Error _ Significance

o T 0.76 0.10 0.03 0.297
B 4.96 13.02 3.3
Mg T 2.30 2.74 0.83 0.083
B 7.05 8.16 2.46
- T 758 11.06 3.3 0.102
B 1608 12.19 3.68
cumcatons T 1064 13.17 3.97 0.08
B 28.09 28.45 8.58
sor T 5.74 11.64 3.51 0044 *
B 2133 21 6.33
oL T 1.09 0.48 0.15 0.196
B 4.64 8.78 2.65
T 151 0.36 0.11 0044 *
HCOs B 2.15 0.91 0.28
Sum Anions T 1057 12.80 3.86 0.075
B 2811 28.15 8.49

4ty ol 9 (6390 ¢ S35 JOLS Cud yb ( Jolao S 5l 5 gy (@5 (T 255 uSilio i - ¥ Jguxr
1 9037 3l eoliwl b (B) U5y 9 (T) & il jussl Syl S
Table 3 - Comparison of the Mean Organic Carbon, Gypsum, Moisture, Equivalent Calcium

Carbonate, Cation Exchange Capacity, Salinity, and Soil pH in the Marly Soil of Tang-e-Sorkh (T)
and Bard-e-Kal (B) Watersheds Using the T-Test.

Variable Sub-basin  Mean Standard Deviation Standard Error  Significance

o T 0.12 0.05 0.02 0.008
B 0.24 0.21 0.06
T 4364 5.12 154 000 **
TNV B 3117 11.40 3.44
oypsum T 5.00 9.69 2.02 0.15
B 1102 11.80 3.56
T 1283 2.06 0.62 0.21
CEC B 14.04 2.29 0.69
- T 5001 474 1.43 0.15
B 4751 5.88 177
o T 0.88 0.92 0.28 0.08
B 217 2.14 0.64
" T 8.13 0.25 0.07 000 **
B 772 0.20 0.06

O



‘f)’a/'.fr‘ﬂ‘kﬁ

1 3 By yle lis,S o ol Sglis (¥ Jgaz) o5y
slaoslasl (V Jguz) al o g do 0 S o
ooy o3l G Jobs ad )b Jolae pndS by S
OR 9w (0 S lagh) o ps ol
3 Jy o9 JSop 5l G G S 50 i
(Vg V) lagoz) 990 S Ll 12 o posie
(Bais) sl Gl s (@

Dgles (Baiz) il Galed b oglagle 5o
IR 99 50 audel s Se Jols cudib ol
g8 ol b oslage) 5o (V) Jouz) ad b s
Joles aadS ol S catyonnl gloojadl o yiole 3
St TS sbasle )3 ) 0l g o g
i JS0p 50 bejlul cpl b psse [0 0 5 0y
O 5F ) slasaz) o

w9 o)l sl O d gy slo (o beoud § (SO b SS9 (o)

il oS

g abdawl @ (Jobs S Ol S slae jlasl glis
it gl s GladSs o bl pedS
A b e dey Sy m e
e Gialuyd o abaiwl 5 Jolee pedS ol S
5 &5 ol g il slaSa S S
A5l G (e b )0 edS (e o3l
sobieds LB 9 ¥ Joux) 09 (oiuled slaSs
2 Ole ladSs 5 o pite ol gl (ens
plril duglio Jie Sz 0 LT g0l itlate 5o
Se e ol s

3l a5 (G

o)‘\..x.i‘

elny 90 kb Glle w2l clagle o
S e oy S v o ‘Sl—l S el glas

Erw S5l i JSop silng s ol ejlasl as

80gum (Jylo (ymo) (il yd gl S5l 50 (b lo (o3 Lo sl Jole) W piio (5uSSleo duns o —F Jgusr

200w 3 93
Table 4 - Comparison of the Mean Variables (Chemical Factors of Marls) in the Erosional
Landforms of the Studied Marly Areas.

TR OC T.NV CaSo, C.E.C Sand Silt Clay
Rill Erosion 021 3943 7.93 1290 2240 44.11 3349
Gully Erosion 0.17 39.63 416 13.68 22.64 4273 34.62

Surface Erosion 0.07 23.97

23.12

1447 3273 38.87 28.40

b s o) (il 8 (s ISl 50 by lo (o beowd 9 (SO 38 (G it (1SSl Lo -0 Jgur

200 o y 3
Table 5 - Comparison of the Mean Physicochemical Variables of Marls in the Erosional Landforms
of the Studied Marly Areas.

TR SAR SP pH EC Sum.Cations Na* Mg Ca™ Sum.Anions SOs2 CIF HCO3j
Rill Erosion 049 4727 798 1.03 12.71 0.75 233 9.63 12.68 940 126 204
Gully Erosion 147 5023 7.97 172 21.38 577 572 9.89 21.37 1224 466 1.71
Surface Erosion 0.28 52.66 7.59 2.58 35.50 117 933 25 35.47 31.17 2.83 1.47

<D



Apgaue 5 Gypw LTV-V)) Glles 5 (Gomge
sdises jo oly,)S o adale asl 5 e (YY)
ol il has gbadiged b awslio jo  aw
sldSs o boyaie dwlie i o)l Salee
el Ly S slaoslail @glas sly las casle )8
e 5 K g 5o eedlS 5 5 PH e o Jolas
ojlasl ( daw iole 3 0 g 0g Yo Jxe oy
pemedS (332 030l 5 2eS PH g Joles peandS' ol S
o e ele g gladss Ko ) i & s
V) ohles 5 o)y Sroon mbs b basdly
a8 ol olas e Julos b o)l Siales
5 1 oS o oSS Calon )l ol B
o lapdie (pieee Gp Jl5 b
TS IS s (S il 0 o8 oy
Galod s bpsie G jnee NS SE &5
ol wog ) 9 B Slgw pendS (b
(VoYY (oouS 5 ooliple gl mls b beasdly

el Lol o2
3 6ok Dol bt (cwlidine) Ll S92 L
5 S SRy Bl athi bl
(SAR) o (23> Cawd ab sdaline olend
5 e Gloleyd 8 cel byl jo ol
B S - R I ST T e
S oyl aSgyeba ol il
OLer o (g logh @mls W pdiele
oilpl 4 e PH O oljdl st ol las (YY)
Lohbed Olgie o Gl Loy as lejd
s SB pH pals sl s, o ol als
asle ouuSEal olge 31 eolatwl (yiolo,d yials
Lyls g ool S PH el 5,58 cul 8,58
S9lise wald Giled 5l spSslr 6l e
o @ ez (VA See 5 (555,99
D9 B3 GBI L (6,90 ot dlal, Lo gk
sloele 4 Gas 4 Cond (gy5d Dlyedd aiz e
5 SB oo (So5d sla Ty dlex 5l Ss5UsS
Sial32l b Ygene Jg 3)ls Staw ooldl sla S

O

‘pf,{"‘.ﬁﬂ‘b}'

sl gses olml yo ol gladele Julodi' g 4 3208
b 55

55U e o o iie (50 et sl
ol bl s eslind Lele b 5l sl b
Soled ol 8 (I

adle ez oy slaojlul ragh nl @ls (wlol 5
L i a8, S L o b o o o 5l e oy
0% sojlul aS 0l aseie STy, s > sl
o3l g (Sgr Jobs Cudyb (oSl olas maon
2 Byile (it 5 e Coider JI oS
O 5 ¥ sl Jguzr) wog 6 L ol

(Bois) Syl Gl (o

Adlse aw oy saoslal agh cul mls ulsl
B e w5 sl cesa S5l e Ul
oS soslail foer e oo lid g cabas I
5 ¥ sladsaz) wiog I s g o s @S o]
(O

s gl (z

aS 39 co 48,5 Jlai 1o aalhe g0 Jhwghy ddlaie )0
0355 oy @ sleelail glacy o 4 azg L
o 5o it (nse Slilge sl g S
O 5 F ) sl saz) aies igla S

gl oy b Rl ey ol @l
2 b sl o ol pendSoly S
Sred 391 Ol alosd 5 (i sl SRs
peedS LS g ey wepd Gl Jlogine 5 S
Sl 0aB B8 lagragy e e Jolse
oIl GBs8 sl @l o ) Sysles cge (Sibe
5 397 dedb oo byl Slbuls ials g aails o5ladl
oS ol olis Sy 4 mls (YA ol
iabod UKo an Lo olyyS o sbeeglal wsles
i )l g (el Gl B 50 9 99 (5)lo S
Oegh @S LAl ol og uiSel il )d
(VeVY) Lgad 5 ol glaish L eg)



‘f)’a/'.fr‘ﬂ‘kﬁ

5 (Na¥) o o yiin ke S pul )
S35y g0 (EC) (S sl colon iy o5l
2 b S Sae el g ) Ol i
b anslie jo 5suly; ol e ld Gole B ass

Oy gl @l b ggdge (nl o9 fuden (JS0 5
ESP ojlal g ol oo b sloSE as! 5 e
Slores W)ls Gialuyd a4 (g ien Comles iliny
il 50 000 Gaw 5 (YA L Sal) o)l
5 (CaS04) &5 aule Jsloo olge i o JSop
odlie i Lwlw,d ;0 (CaCOs) pundSly S
S o gobole Olpss caw dlgo (ol 092 g 0l
obeyd wile (ale B glgl 51 F g 3sdse
2 alie glaghagy a8 (e wads ) as]
ol s bl K0 5 oyl Sidaes bl
b Wigise ol eeelSEly,S 5 g a5 Wleols
a8l 4l el S L ol
VY g9l g ey YoV o Ker g (502>)
2 olRERgs K sleaisl b eghy onl @ls
5 s Seles ol Sisaas ¢ St sble
ol lis (YA Lo Sl gl guls dLwly opl
sels i SAR 5 YL e, L slS aS
wlgee Galple 5 Wls Gyt G pdydel
ol B b badye sloanl e e conles
3L looslail b 3blis «ymizeen ains oylis S
2 ok il s azl wiles eedSeln S g &5
wbord i ol cov wieaslie 5o,
5 SAR2) Wl i Ghlep g e S
IR Fromls Jeol LY s
Sl oS eplail Grals a5 cul ] Sk e ey
Sl DRI & e meies jsbts dies
Dad g ol by aile lafele S00 g 0gh e
5 6000 Wylo an T8 b o page GBS 5 (S0l
alold oS ol pg 90 opl anslie (Y418 5o
Wl RS J) GaskS B0 5 eS) o5
Sl igr Glo Gogesul gy 0 45 05 el
35 Lo opd axg yin (e slagiagy a

ol ol pens bl Ko 4 ) s sy

O

w9 o)l il O gy slo (o beoud § (SO b SS9 (o

ook gl b asil cnl b oo I3l 650 )5
Syl Sialen (Y+Y0) o) Kan g (5 x>

osle )l » oate 3l Joles peadS ol s
w8 Sl 1) mrde 5 5)s ST Wilgi e 5 3l
pelS Sl S a5 (Gl pd pe ols plas ey ol
S mlod g8 g Dol il LY. 5l g Joles
b8 (oo S8l g slasle Glagy,le o 05l o0
Gl g SLyE) cal ikl g5 5l el g ieS
YN Slgyes 5 bk Y18

Dligas il (Joleo pendS Dl S @S o5
2 S sbadele (8l g moe pdx Ced
B e e e R e
glas -“*?.Tgs" Sledsas lagy )lo SUSET j0 (coge pmie
L lagsle 350 50 eadplnl slaiogh mls o
sle eobdiney ozl o Dolds 4 Gly oo
la, YN0 oL g s> Cendls bogy e 5
(VoY LSy (g 00,9 Yo VP

99 30 Gmlwyd & Camlus 9 (SB b SR
ouony 3 el 35

ulpy 9o 0 S laShy awlie @l
3 aglaie g0 opl gl slo las JSo g F eSS
FE Galoyd a4 Conlis 5 S coaS oBays
Solad i in (pl dz p OIS 51 SO a4z g
oful 5 S olerd 5 (b b Sy o
(J5on mlny 50 e Gl & ol coules
Jols cad,b g aoye IV L ply IS ojladl
2 b e VE/ofCmol/kg Lol SeslS
5 2oy NY JI S sl eSS sl
b s VYIAYCMOIKG  SoslS Jols b b
OV Jgaz) og yeS (S50 b anlie o oS
G byl g i rilel Sl ool
G0 Gaw lcwl JSon S0 (gdke olge
ot EruSs S e Galep 4 Coules
Jols BB oo g 52eS T olge ity ) o5l
D9y fdon S50 b avslie o iy

OB Gasul g 90 onl Glaled sl o S ke
2 (Y Jga2) g S alep anls o by



VPP oylimn; PR 3l 5 Lot oF &Los YA 5,90

6By 5l e VY sg0 _ialS el w2SlgiS,
ool aalol Lol dales 0 jate Slas, SOy azl
oVl cud b als 4 e wawadk o ol
ekt K2 Gl S o
Sets E55 p site 3l g 0050 amalin
5 iblis L3l gzl ogonly] b anlys dilaie
oleiig sl )Bol) abox 5l il (55558 (oo
slaglle 5 (2lS idg Sl eslitul 4 (g o
el o Sile Gble ;o S Conts lp piycen;
P oy o g hle ke slojle
935l GIS (6,5 )54 ( Dl sl e
sloasliy g 5 (Show bl olulid oy
adloe e 0,8 olal Gl Copae el
295 Ohuizas gloanyl o wlgi oo g ol (ke
OFsleps 5 shlee azlys ln oz o
szl s &l Gryaebn gycnll Wil adlae
el ) s Sl oLl

d/"("‘-fd*/fd%

sloanld 3585 Judoo sl a5 ols gles beazdly
Glize Gy Glojes (co)p A (oiale)
el S eliliye 9 (Shaeee

ouy oty 31 Sy Lo (15 gy S

ada el Gl R Glsea e azl)
BN US Yoo U 9 00y .)l.') Lm..\.’)L.; u.s‘ ‘5")\-—‘5—“‘)
&./\-CIJ as w‘ o..\...mb)aT).a JLAAJ )J o ).‘.991..5
M 590 5 azbye Gad 0 m
odljogere g (SBu ) ogboe (Jaecan;
oS e idin AD iyl S s il ol o (YY)
&5 35l 5 59y 4w B 90 50 (o) Juad 10 Vgans
coSoyin Goades 4w U ogo Jlail jUasl caws o
O gy O e Feeosgae I i g O
Azl o oS By a4 axei bowojlul ol cal axl o
U deln ol e g ke ¥l eS)
Slewlore .Clils olg> QT O\f)‘l.mfy JOppT LU
B Soge s> sy o)l ol A sl les

surface erosion

E i 5l (glyylo 3o Gl b gla sl Y Sl
Figure 3- Erosional Forms in the Marls of the Tang-e-Sorkh Watershed.
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Figure 4- Erosional Forms in the Marls of the Bard-e-Kal Watershed.
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Extended Abstract
Introduction and Goal
Marl are porous rocks (with a porosity of 73% to 95%). Marl formations are highly
sedimentary, and the different physical and chemical properties of marls affect the intensity and
type of erosion. The form and intensity of water erosion are strongly influenced by changes in
soil texture. Based on the results of previous research, the greatest correlation between marls
and erosion intensity is related to their physical and chemical factors (particle distribution,
especially sand particles). As the size of sand increases compared to silt and clay particles, gully
erosion will also increase. The clay ratio index is decisive in the occurrence of gully erosion and
the runoff volume index is decisive in the occurrence of surface and gully erosion of marls. On
the other hand, there are significant differences in the measurements of sodium, magnesium,
organic carbon content, pH, and SAR in the surface erosion, rill, and badland forms of marls.
Marl soils are evolving materials whose inherent properties can be enhanced with additives and
their use can be made possible. The establishment of vegetation on marls is also an important
point, and the percentage of clay and gypsum in marls is closely related to the establishment of
plants on marl soils.
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Thus, marls pose significant issues and problems related to use stabilization, construction,
erosion, and sedimentation. Marl formations are widely distributed in the Maharlu watershed in
Fars Province, indicating the watershed's high potential for erosion and sediment production,
and understanding the characteristics of watershed marls is useful for use in soil conservation
programs.

Materials and Methods

The Tang-e Sorkh and Bard-e-Kal watersheds, with an area of 500 hectares, are part of the
Maharlu watershed and are located west of Shiraz. Almost the entire surface of these sub-
watersheds is covered by the Gachsaran geological formation. Using geological map,
topographic, slope and other available documentation, and observing erosional forms in the
field, 11 marl soil samples were collected from a depth of 0—30 cm in three slope classes (less
than 5%, 5 to 10%, and 10 to 20%). The electrical conductivity of the saturation soil extract
(ECe), the acidity of the saturated soil mud (pH), the amount of calcium, magnesium, sodium,
carbonate, chloride, bicarbonate, and organic carbon, cation exchange capacity, gypsum content,
and the amount of equivalent calcium carbonate were measured. Analysis of physical and
chemical properties of soil was performed based on the method of the Soil and Water Research
Institute. Soil particle size was determined by hydrometer method, and soil texture was
classified according to the USDA (United States Department of Agriculture classification)
system. Statistical analysis of the data and determination of the effect of variables on the type of
erosion were performed using the t-test with two independent populations. In addition, analysis
of variance, principal factor analysis, and comparison of means were performed using Duncan's
test (using SPSS statistical software).

Results and Discussion

The difference in the amount of equivalent calcium carbonate in the Tang-e Sorkh and Bard-e-
Kal, regions was significant at the one percent level, and its amount in Tang-e Sorkh was much
greater than in Bard-e-Kal. The difference in sand size was significant at the five percent level,
with its size being greater in Bard-e-Kal than in Tang-e Sorkh. In the marls of the two sub-
watersheds, the difference in acidity (pH) was significant at the one percent level, and it was
higher in Tang-e Sorkh than in Bard-e-Kal. The sulfate content of Bard-e-Kal marls was much
higher than in Tang-Sorkh, and this difference was significant at the five percent level. The
amount of bicarbonate in the Bard-e-Kal marls was greater than in the Tang-e Sorkh, and this
difference was significant at the five percent level. The different in the amount of equivalent
calcium carbonate, gypsum, acidity, and calcium of marls in various erosional forms were
significant at the five and one percent levels. Between the two regions in gully-eroded marls, the
difference in ion exchange capacity and acidity was significant. The measurements of acidity,
equivalent calcium carbonate, sodium ion, and clay percentage in Tang-Sorkh marls were higher
than in Bard-e-Kal, and in other variables, the measurements were higher in Bard-e-Kal. In the
two hydrological units studied, the highest and lowest organic carbon levels were observed in
rill and surface erosion, respectively. In addition, the highest and lowest moisture content was
observed in surface and rill erosion, respectively. The size of bicarbonate was also higher in rill
erosion than other erosion forms. Determining the size of factors such as bicarbonate, equivalent
calcium carbonate, gypsum, acidity and calcium ion, percentage of sand and total silt and clay
were helpful in the occurrence of erosion forms. In the marls of the region, the high sodium
absorption ratio (SAR) can lead to a greater dominance of surface and rill erosion compared to
gully erosion. In the marls of the Gachsaran Formation, salinity was probably affected by the
increase in gypsum size, and its role in intensifying erosion was reduced. The presence of more
calcium carbonate in the Tang-e Sorkh watershed marls made them more stable, which was due
to the greater inhibition of the effect of salinity and sodium. The percentage of water absorption
of Tang-e Sorkh marls was higher compared to the Bard-e-Kal marls. Therefore, the ability of
mass-type erosion movements was also higher in Tang-e Sorkh marls.
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Conclusion and Suggestions

The results of this study showed that due to the characteristics of marls in the Maharlu
watershed and their effective role on erosion and sedimentation special attention should be paid
to them in local research. In this watershed, identifying the physical and chemical properties of
marls, such as bicarbonate ions, calcium, sodium, salinity, and percentage of sand and clay, is
important for controlling erosion and sediment deposition. As a result, for greater success of
implementation plans in watershed management research, it is also necessary to pay attention to
the role of characteristics such as chalk size in reducing salinity and the effect of acidity on the
type of erosion. Based on the results of this study, it is suggested that for sedimentation
management in the Maharlu watershed, vegetation cover and viable mulches should be used to
stabilize the soil and sediment dams should be constructed. It is also suggested that GIS and
remote sensing technologies be used to identify critical areas and develop water and soil
resource management plans.

Keywords: Cation exchange capacity (CEC), gully erosion, marl sediment yield, vegetation cover
and soil stabilization, watershed management

Article Type: Research Article
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8- Support vector machine
9- Meta-heuristic
10- Naive Bayes
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2- Evidential belief function
3- Frequency ratio

4- Logistic regression

5- Random Forest

6- Extreme gradient boosting
7- Boosted regression trees
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Figure 1- Geographical location of the Zarineh-Rud Watershed.
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Figure 2- Location of the flood inundation events in Zarineh-Rud Watershed.
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12- Tolerance
13- Naive Bayes
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11- Multicollinearity
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18- Cut-off independent threshold
19- Cut-off dependent threshold
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14- Bayes' Theorem
15- Thomas Bayes
16- Pixel

17- Data-scarce
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Figure 3- Independent variables for predicting flood su

sceptibility in the Zarineh-Rud Watershed:

a) elevation, b) slope aspect, c) drainage density, d) land use, €) lithology, f) plan curvature, g)
profile curvature, h) mean annual precipitation, i) slope percent, j) soil texture, k) stream power
index (SPI), I) distance from stream, and m) topographic wetness index (TWI).
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Figure 3- (continued).
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Table 1- Tolerance statistic for the independent variables used in the Zarineh-Rud Watershed.

No. Variable Tolerance No. Variable Tolerance
1 Soil texture 0.781 8 TWI 0.121
2 SPI 0.125 9 Lithology 0.905
3 Distance from stream 0.265 10 Plan curvature 0.839
4 Slope aspect 0.903 11 Precipitation 0.762
5 Elevation 0.313 12 Profile curvature 0.784
6 Drainage density 0.258 13 Slope percent 0.185
7 Land use 0.742
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Figure 4- Flood susceptibility map of the Zarineh-Rud Watershed using the Naive Bayes Model.
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Figure 5- Flood susceptibility map of the Zarineh-Rud Watershed using the Naive Bayes Model.
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Table 3- Rural areas prone to flooding in the
Zarineh-Rud Watershed.

No. Village City

1 Best Divandareh
2 Azizabad Divandareh
3 Biandareh Baneh

4 Bademjan Baneh

5 Khoshedare Saqgez

6 Eshaghabad Saqgez

7 Dareziarat-sofla Saqgez

8 Talejar Saqgez

9 Hangechineh Saqqgez

10 Sardareh Saqgez

11 Piromaran Saqgez

12 Gheshlagh-pol Saqqgez

13 Kaniband Saqgez

14 Ghahreman Saqgez

15 Kaniniaz Saqgez

16 Gheshlagh-reza Saqgez

17 Ghaplanto Saqgez

18 Mahidar-olia Saqgez

19 Khorkhoreh Saqgez

20 Mirge-nakhshineh  Saqqez
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Table 2- Area of flood susceptibility zones in
the Zarineh-Rud Watershed.

No. Flood susceptibility zone  Area (ha)

1 Very low 437565.78
2 Low 6598.98
3 Medium 2764.1
4 High 1296.36
5 Very high 297.18
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Table 4- Results of model validation for flood susceptibility prediction in the Zarineh-Rud

Watershed.
Evaluation approach E\_/alu_atlon Value
criteria
Cut-off independent threshold ~ AUC 0.936
Accuracy 0.857
Cut-off dependent threshold Precision 0.826
Recall 0.904
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Extended Abstract

Introduction and Goal

Floods cause numerous financial losses and loss of life every year, and have a devastating
impact on the sustainable development of the country. However, generally, actual flood events
have not been used in spatial analysis and modeling, and flood susceptibility maps have been
prepared solely based on expert opinions and multi-criteria decision-making methods. On the
other hand, management plans and actions of executive agencies are usually developed without
considering the different flood-prone areas of watersheds. This study was conducted with the
aim of utilizing observational data of flooding events and determining the efficiency of the
Naive Bayes model in spatial prediction of flooding susceptibility in the Zarineh-Rud
watershed.

Materials and Methods

The flood events database was prepared based on flood event information in the Zarineh-Rud
watershed recorded by the Provincial Disaster Management Office and the Regional Water
Company. Given that various environmental factors play a role in the formation of floods and
inundation of lands adjacent to rivers, flood modeling is not possible without considering them.
Therefore, after reviewing various sources, thirteen environmental factors affecting flooding
were selected, including land elevation, slope direction, drainage density, land use, lithology,
surface curvature, cross-sectional curvature, average annual rainfall, slope percentage, soil
texture, flow power index, distance from the watercourse, and topographic moisture index. The
multicollinearity of environmental factors was examined using the tolerance factor statistic.
Raster layers of environmental factors were introduced as independent variables into the Naive
Bayes model. The flood event locations were divided into two groups, training and validation,
based on the spatial random method with a ratio of 30 and 70 %. After running the model, a
flood susceptibility map of the Zarineh-Rud watershed was produced, in which each cell
represents the probability of flooding in that area. The accuracy of the flood susceptibility map
was evaluated using independent and threshold-dependent statistics and validation group data.
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Results and Discussion

Based on the results of this study, the independent variables considered were without
multicollinearity and could be used as predictors in the modeling process. The validation results
based on the area under the receiver operating characteristic curve statistic showed that the flood
susceptibility map has an accuracy of 93.6%. According to the threshold-dependent statistics,
the efficiency of the Naive Bayes machine learning model was obtained as 85.7 based on the
Accuracy statistic, 82.6% based on the Precision statistic, and 90.4% based on the Recall
statistic.

Conclusion and Suggestions

The performance of the Naive Bayes machine learning model was suitable for spatial prediction
of flood susceptibility at the watershed scale and various variables can be used for spatial
analysis. The flood susceptibility map should be considered as the basis for planning river
regulation operations (such as building coastal walls and removing bed layers), flood
management (such as respecting river boundaries), and watershed management (such as
building watershed management structures in the upstream of flood-prone areas) in the Zarineh-
Rud watershed. Therefore, it is suggested that this model be used to prepare flood susceptibility
maps based on historical flood data in other basins of the country.

Keywords: Crisis management, flood, Kurdistan Province, modeling, spatial analysis
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Figure 2 - Flowchart of the present study.
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Table 1- Parameters and methods used in the long-term analysis of dust Storm frequency (2001-2024).

Parameter

Value

Description
Time Period 2001 — 2024 Long-term trend analysis of dust storm frequency
Data Type Dust storm frequency Includes number of days and aerosol optical depth
Atmospheric MAIAC Multi-angle atmospheric correction algorithm for improved
Correction Algorithm accuracy
Spatial Analysis  ArcMap Creating maps of distribution and frequency of dust storm
Software days

Clustering Method

K-Means test

Data structure analysis using SPSS version 26

Dust Storm
Frequency
Classification

Low: 0 — 50 days

Medium:50 — 100 days
High: 100 — 150 days
Very High: X > 150 days

Classification based on number of dust storm days

ool sl Sk 99,5 Slglh Slib soaiiys ol 5575 51,55 Y Jpur

Table 2- Iteration history of final cluster centers for dust frequency categories.

Iteration

Cluster 1

Cluster 2

Cluster 3 Cluster 4 Cluster 5

1 8770.939 4444559 11037.749 8371.606 7067.004

2

0 0 0 0

0
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Figure 3- Map of spatio-temporal dust storm frequency over the Lake Urmia northern part (2001-2024).
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Figure 4- The relative proportion of area in each dust frequency class (2001 to 2024).
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Table 3- Final Cluster Centers of Dust Frequency Classes.

Cluster/class Class 1 Class2 Class3  Class 4
1 344950 20996 13872 837.51
2 299244 54728 29491 0
3 330201 44448 8320.8 0
4 373620 4572.3  244.37 0
5 305488 63260 14710 0

3530 plse Joled aily 5Ll 99,5 Jlglpd Olib jo baaliss kel () p —F Jou
Table 4- Analysis of cluster differentiation in dust frequency classes based on inter-Centroid

Distances.

Cluster Pair Distane
Cluster 1 & 2 58919.601
Cluster 1 & 3 28266.807
Cluster 1 & 4 35750.896
Cluster 1 & 5 57833.996
Cluster 2 & 3 38887.492
Cluster2 & 4 94354.365
Cluster 2 & 5 18173.027
Cluster 3 & 4 59501.763
Cluster 3 & 5 31708.456
Cluster 4 & 5 91078.677

K-means ;go;1 3l soel cawsds saiigs 1o JLl 90,5 Slglyd il duwslio gl (ANOVA) oSy Judxs gl -0 Jgao
Table 5- Analysis of variance (ANOVA) for comparing mean dust frequencies in the clusters obtained by the
K-Means test.

Cluster Error F Sig.
Mean Square Df Mean Square df
classl 3881104225 4 46035871.8 18 84.306 0
class2 2514575767 4 37029665 18 67.907 0
class3 434790229 4 38109253.7 18 11.409 0
class4 777655.984 4 1169025.34 18 0.665 0.624
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Figure 5— Comparison of the number of recorded dust events per year (meteorological code 5 at Shabestar
station) with the area of high-frequency class pixels in remote sensing data.
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Figure 6— Comparison of the number of recorded dust events per year (meteorological codes 6 & 8 at
Shabestar station) with the area of high-frequency class pixels in remote sensing data.
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Extended Abstract

Introduction and Goal

Dust storms, as one of the major environmental hazards, have widespread impacts on human
health, agriculture, and ecosystem sustainability. In recent years, the incidence of this
phenomenon has increased significantly in the areas surrounding Lake Urmia, particularly in the
northern parts. This trend is due to numerous factors, the most important of which is the
widespread drying of the bed of Lake Urmia following a severe reduction in water resources
and climate change. The decrease in the amount of water entering the lake and the increase in
evaporation duo to climatic change have caused the water level to drop and a large portion of
the lake bed to become visible. Today, this dried bed serves as a source of dust particles in the
region, with many claims being made about the dust it causes to the surrounding environment.
Therefore, accurate monitoring and spatiotemporal trends of dust storm on the northern margin
of Lake Urmia is a great importance for adopting management measures and environmental
policies. Given the importance of accurate monitoring of this phenomenon, the use of remote
sensing technologies and atmospheric correction algorithms such as MAIAC allows for more
accurate and up-to-date analyses. In this regard, the main objective of this research was to
analyze the temporal and spatial patterns trends in the frequency of dust day on the northern
Lake Urmia during the period 2001 to 2024 using MAIAC-corrected dust algorithm data. Using
the results of this research, understanding of the processes affecting dust generation and
transport has been improved and appropriate management strategies can be provided to reduce
its negative effects.

Materials and Methods

In this study, moderate resolution MODIS satellite images were collected between 2001 and
2024 for the northern margin of Lake Urmia. By utilizing the high capability of the Multi-Angle
Implementation of Atmospheric Correction (MAIAC) in accurately separating airborne
particles, dusty days were identified.
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The extracted data were analyzed using Google Earth Engine (GEE) platform and ArcMap
software (version 10.8) and divided into four frequency classes based on the number of dust
days: low (0-50 dusty days per year) (class 1), moderate (50-100 dusty days per year) (class 2),
high (100-150 dusty days per year) (class 3), and very high (more than 150 dusty days per year)
(class 4). Subsequently, spatial and temporal distribution maps of each class were carefully
prepared. Also, in order to identify and categorize years with similar patterns in terms of the
frequency of dust day, the K-Means clustering method was used in SPSS software (version 30).
Using this analysis, years were well separated into cluster groups based on similar frequencies.
Results and Discussion

The results of this study showed that changes in the spatial distribution and intensity of dust
events were significant between 2001 and 2024. In the early years of the study (2001-2008), the
frequency of dust occurrence on the floor was low, but from 2012 onwards, the area of floors
with medium and high frequency increased significantly. Although in some years, such as 2019
and 2020, the abundance of dust decreased relatively, in previous years the trend of this
phenomenon was increasing. The results of cluster analysis using SPSS software (version 30)
showed that the highest frequency of dusty days in 2014-2015 and 2015-2016 belonged to
cluster group 2. Also, the lowest frequency of dusty days in the years 2001-2002 to 2007-2008,
2019-2020, and 2020-2021 was related to cluster 4. Also, validation result using data from the
Shabestar synoptic station, (the nearest station to the northern margin of Lake Urmia), indicated
that the relationship between station observations (codes 5, 6, and 8) and the area of pixels with
high dust storm frequency in remote sensing image was weak and not statistically insignificant.
These findings indicated that dust particles rising from the dried lake bed are unable to be
transported over long distances and settle very close to their point of origin.

Conclusion and Suggestions

The result of the study of the spatial and temporal frequency of dust storm events from 2001 to
2024 on the northern margin of Lake Urmia showed that the annual changes in the frequency of
dusty days in the mentioned region were significant. Therefore, the role of climatic, geological,
soil and environmental factors is important. The results of this study indicate the need for
continuous monitoring and updating of data in the mentioned region so that the damaging trend
of dust events in the region can be identified and managed in a timely manner. Therefore, it is
suggested that the results of this research be used to design management strategies and reduce
environmental risks in the region so that favorable decisions can be made at the local and
regional levels. It is also suggested that data updates be carried out continuously on the northern
shore of Lake Urmia to identify harmful trends in a timely manner and to make local and
regional decisions with more accuracy and effectiveness. On the other hand, by integrating
climatic, geological, and soil information, it is possible to help develop early warning systems
and preventive management and minimize the negative effects of this phenomenon on the
environment and local communities.

Keywords: Dust storm frequency, K-Means clustering, Lake Urmia, MAIAC algorithm, remote
sensing
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Figure 1- Location of the Sarsaro Watershed in the Province and Country.
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Table 1- Analysis of variance of erosion intensity effects on soil physical properties.

Soil parameters df Mean Squares F

Sand Between Groups 3 142.8 142.8™
Within Groups 8 1.0

Silt Between Groups 3 32.7 98.2"
Within Groups 8 0.33

Clay Between Groups 3 44.08 52.9"
Within Groups 8 0.83

Moisture Between Groups 3 22.6 98.7"
Within Groups 8 0.23

Bulk Density Between Groups 3 0.1 76.9™
Within Groups 8 0.00

Porosity Between Groups 3 155.6 84.9™
Within Groups 8 1.8

2oy S sl mlaw (o (g ol #*
** indicate significance at the 1% probability levels, respectively.
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Table 2- Mean comparison of erosion effects on soil physical properties.

Soil parameters

Erosion intensity

No erosion  low  Moderate intensity
Sand (%) 520 58.3¢ 62.6° 68.32
Silt (%) 30.62 27.6° 26.6° 22.6°
Clay (%) 17.32 14.0° 10.0¢ 9.0¢
Moisture (%) 12,52 9.7° 7.8° 6.09¢
Bulk Density (g/cm?3) 1.26¢ 1.36¢ 1.53° 1.672
Porosity (%) 422 34P 30¢ 254
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Table 3 — Results of correlation coefficient analysis among soil physical properties

Erosion  Sand Silt  Clay Mostuire BD N
Erosion 1
Sand 0.98 1
Silt -0.96 -0.96 1
Clay -095 -0.96 0.87 1
Mostuire -098 -0.97 094 094 1
BD 0.97 095 -0.92 -0.92 -0.95 1
0.92 095 -093 1

Erosion

Mostuire

06¢ee -
eccceee

L OO0 00 g9 9090 |
o O B N N B O ®
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S (S b Gl piio Glae (g (Swred - S
Figure 2-Pearson correlation coefficients among soil physical properties.
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Table 4 — Analysis of variance of erosion intensity on soil chemical properties

Soil parameters df Mean Squares F

Organic Carbon Between Groups 3 10.87 237.2"
Within Groups 8 0.04

Total Nitrogen Between Groups 3 0.15 180.3"
Within Groups 8 0.00

Available Potassium Between Groups 3 12943.8 374.2"
Within Groups 8 345

Available Phosphorus Between Groups 3 135 66.8™
Within Groups 8 0.20

pH Between Groups 3 0.02 2.84"
Within Groups 8 0.00

EC Between Groups 3 2.6 121.02™
Within Groups 8 0.02

R St gu vy PCES T WP N PR+ FUF R
** And *: indicate significance at the 1% and 5% probability levels, respectively.
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Table 5 — Mean comparison of erosion effects on soil chemical properties.

Soil parameters

Erosion intensity

No erosion low Moderate intensity
Organic Carbon (g/kg) 5.512 4.12b 2.59¢ 1.10¢
Total Nitrogen (g/kg) 0.682 0.53° 0.33¢ 0.17¢
Available Potassium (mg/kg) 230.32 185.6° 132.3¢ 78.6¢
Available Phosphorus (mg/kg) 7.022 5.49b 3.49¢ 2.2¢
pH 8.08 7.992 7.932% 7.8°
EC (dS/m) 0.56°¢ 0.85° 1.34° 2.68°
.(p<0.01) Al oe o gine Dglds oaimsylis eiw o )0 Sglaie B>
Different letters within each column indicate a significant difference (p<0.01).
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Table 6 — Results of correlation coefficient analysis of soil chemical Properties.

Erosion oC TN AK AP pH EC
Erosion 1
oC -0.99 1
TN -0.99 0.98 1
AK -0.99 0.99 0.98 1
AP -0.97 0.98 0.96 0.97 1
pH -0.66 0.70 0.38 0.71 0.71 1
EC 0.92 -0.92 -0.95 -0.93 -0.89 -0.71 1

(EC) oS colan (PH) an ol (AP) Lia bl jand (AK) Gia bl gl (TN) JS 045955 (OC) JT 1,5 (ETOSion) iola
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Figure 3- Pearson correlation coefficients among soil chemical properties.
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Table 7 — Analysis of variance of erosion intensity on soil biological properties.

Soil parameters df Mean Squares F
Catalase Enzvme Between Groups 3 350.7 1065.8"
y Within Groups 8 0.32
T Between Groups 3 9760.8 208.7"
Microbial Biomass Carbon Within Groups 8 46.7
. . Between Groups 3 307.1 367.5™
Microbial Biomass Nitrogen Within Groups 8 083
S I Between Groups 3 0.27 67.2"
Basal Microbial Respiration Within Groups 8 0.00
Microorganism Population Between Groups 3 8.2 531.9™
9 P Within Groups 8 0.01
. . . Between Groups 3 3.9 wox
Microbial Quotient Within Groups 8 001 228.5

I gl o ayles plee jlobine ciglis 392 5™
Significant difference between treatments at the 1% level.
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Table 8 — Mean comparison of erosion effects on soil biological properties.

Soil parameters

Catalase Enzyme (umol KMnO, g™t dry soil)
Microbial Biomass Carbon (mg/kg)

Microbial Biomass Nitrogen (mg/kg)

Basal Microbial Respiration (mg CO./g soil-day)

Microorganism Population (CFU x107 g™t dry soil)

Microbial Quotient (mg Cmic / g Corg)

Erosion intensity

No erosion low Moderate intensity
28.05% 18.6° 8.9¢ 3.57¢
223.62 201.0° 160.3¢ 93.3¢

31.62 22.6° 15.7¢ 7.8¢
1.042 0.78° 0.49¢ 0.37¢
4522 3.55° 1.54¢ 1.01¢
3.978 3.03° 2.15¢ 1.28¢

.(p<0.01) Al e o g Dglas oniao ) Lis g o j0 Gglate By,
Different letters within each column indicate a significant difference (p<0.01).

G (TYY) oLes 5 oLE 5 (YeYY)
.).,Jy ‘L;Qxi.a b‘s.n 4>).> o Sk LSLQWL?)‘SJST?A
sy S arls L ol bl )l ailes 7 158
25U cow g buljpa asiw ol a5 ol olas
Ol pess aS Sl 00l (5,138 ol sloimgh
S sl 5 ol polie  JT ools gl
@95 sbanlr colid 5 LSl s jsbay
DS s 1) Szl o,Slae 5 o0l i |
opeh s (V¥ )l g (> 5b g YoV
5 bl 0 ) sl ety le ol
e slaele Sl Sl a5 0 55055 lacet
S ‘_;ﬂ DS opd g cdale o
e S by; mals g el eganee o

SL () S S 19 (Fanon

aS ol lis  SKod (s yilo 31 odel Cawody s
Jolo (s sl b S b b (Sen
9 035555 S «(=+/19) YLl M)'ﬂ oodled
1) (295 039555 Oiar (0 AF)
@95 5 (A7) el g S oo
Jolize 5 hie (=2 /30) 09,0 ptw «(+/AV) WL
SlATA Jguor mbs b p (P S35 8 Jg92) 09
Sl aloxl SB wj slagatly p Gule
(95 P& Oy 5 S YU w3l
5 Leasili)ly S Cumen (09500 Al i
Sod Gl g Wb g e (998 b
Sl Slng (Jlesle als Jdor (tale b
w2y el cwlel Lulyd g (S5
sty ol b B ) cules sals
Sondy 03ilogy g el sl Sl plerea
wntle ol oot |, SB e cede
(VoY) e g 95 (Y- Y0) o) Kan g s pbo
a5 wbl e (VeVY) gyrel 5 09 ¥sb Slal
g5 5 b3l wash; 5 Jlesle 2alS L b
2 09Rl WS (oo B |, S (09,0 slaansl>
NCSVSIRRRISIYC 20 2.2 SRRt SUSRINE SR



d/’{"%‘f&’% w3 52950 Sl s S b Sing 1 ol b8 6T ol

YVYY o) g S5 YY) ) San Lol g0 3,8os 5 S Sl Sl

9 90lwg, pdl3595) all HI3S 51 ez g5 BB jsbas 33

S G ) GBS Ry (S Gy g6 4 jx5 @l -1 Jgax
Table 9 — Results of correlation coefficient analysis among soil biological properties.
Erosion Catalase MBC MBN MP MR MQ
Erosion 1
Catalase -0.99 1
MBC -0.96 0.93 1
MBN -0.99 0.98 0.95 1
MP -0.96 0.98 0.89 0.95 1
MR -0.97 0.98 0.91 0.96 0.96 1
MQ -0.99 0.98 0.95 0.99 0.96 0.97 1

AMP) Llopucsil8 )l S cxo (MBC) 5,8s 035355 (339555 «(MBC) (09,500 039355 0,5 (Catalase) VLS o, 51 (EF0sion)  ul.
AMQ) (25,5 i MR a1y 0298 s

Erosion
atalase
BC

(& =

Erosion . .
Catalase . 0
oo @

S G § G ke o (g (Seuanod —F S
Figure 4- Pearson correlation coefficients among soil biological properties.
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Extended Abstract

Introduction and Goal

Water erosion, as one of the most important factors of soil degradation, has a significant impact
on soil quality and performance in various ecosystems. The Sarsaro watershed in Khash County
is considered a vulnerable area to water erosion due to specific climatic conditions and human
interventions such as over grazing and loss of vegetation cover. Despite the importance of the
issue, comprehensive studies that simultaneously show the physical, chemical, and biological
properties of the soil in this region have not been conducted. Therefore, this study aimed
to evaluate the impact of water erosion on soil changes and microbial structure in the Sarsaro
watershed in order to provide strategies for sustainable natural resource management through
better understanding of erosion effects.

Materials and Methods

In this study, soil sampling was carried out in a completely randomized design. First, erosion
and sediment map available in the region were used to classify soil erosion intensities,
including: no erosion, low erosion, moderate erosion, and severe erosion. Then, in each erosion
region, four homogeneous areas with almost similar physiographic conditions were selected,
and in each of them, five soil samples were taken (one sample in the center and four samples in
the form of a plus sign around it). Soil sampling was carried out from a depth of 0 to 30 cm. For
each erosion site, samples taken from homogeneous areas were mixed to prepare a composite
sample. Immediately after collection, the soil samples were divided into two parts.
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Some of the samples intended for measuring biological properties were transported to the
laboratory in sealed containers in the vicinity of dry ice without sieving and while maintain the
initial humidity conditions, and were stored in the refrigerator until the experiments were
performed. The other part of the samples was used to measure physical and chemical properties
after drying in the open air and passing through a 2 mm sieve. One-way analysis of variance
(ANOVA) of soil properties data was performed using SPSS software. Comparison of means
was performed using Duncan'’s test with a 95% confidence level. Also, the correlation analysis
between the studied investigated measures was performed in the R software.

Results and Discussion

The results of the analysis of variance showed that intensity of erosion effects on soil physical
properties was significant (p < 0.01). The sand size increased significantly from 25% in non-
eroded soils. The correlation of silt and clay with erosion intensity was negative (-0.96) and (-
0.95), respectively, and the amount of both decreased. Soil moisture in non-eroded lands was
12.5%, which decreased to 6.09% in severely erosion (p < 0.01). Also, porosity decreased
(negative correlation -0.97) and apparent specific gravity increased (positive correlation). Soil
chemical parameters such as organic carbon from 2.23% to 0.93%, total nitrogen from 0.31% to
0.08%, absorbable potassium and absorbable phosphorus decreased significantly (p < 0.01).
Electrical conductivity increased significantly (positive correlation of 0.92). Changes in pH
were not significant (p > 0.05). Soil biological properties were severely reduced: catalase
enzyme activity decreased from 28.05 units in non-eroded soils to 3.57 units in severely eroded
soils (p < 0.01). Microbial biomass carbon decreased from 223.6 mg to 93.3 mg, microbial
biomass nitrogen from 31.6 mg to 7.8 mg, and the population of microorganisms and basal
microbial respiration also showed significant decreases (p < 0.01). The soil microbial
contribution also decreased and its correlation with erosion intensity was high and negative
(greater than -0.96). These data indicate the severe and negative effects of water erosion in the
physical, chemical, and biological quality of the soil, and the reduction in the health and
productive capacity of ecosystem.

Conclusion and Suggestions

The results of this study demonstrated that the effect of water erosion on the physical, chemical,
and biological quality of soils in the Sarsaru watershed were severe and negative. Erosion,
through the removal of surface layers, reduction of organic matter, degradation of soil structure,
depletion of essential nutrients, and weakening microbial communities, jeopardized the health
and function of soil ecosystems and reduces their productive capacity. Therefore, to prevent
further soil destruction and reduction in its biological function, controlling erosion and
comprehensive management of soil resources are important priorities in vulnerable areas such as
the Sarsaru watershed. Based on the results of this study, it is suggested that biological
indicators be considered as effective tools in monitoring the health of eroded soils to provide a
suitable basis for management decisions.

Keywords: Arid and semi-arid regions, biological indicators, Catalase enzyme, physical and
chemical properties, soil stability
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