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Extended Abstract
Introduction: Landslides are a natural hazard that cause human and financial losses. This phenomenon also

results in significant environmental damage through land degradation in landslide-prone areas. In this regard, it
is important to prepare landslide hazard maps to effectively plan for landslide risk management. In recent years,
multi-attribute decision-making (MADM) methods have been used in landslide hazard mapping. This study aims
to evaluate the performance of widely used hybrid MADM methods, including AHP-SAW, AHP-TOPSIS, and
AHP-VIKOR for creating landslide hazard maps in the Qezel Owzan region, Qazvin Province.
Materials and methods: In the present study, various causal factors, including rainfall, slope angle, slope aspect,
lithology, altitude, land use, distance to roads, distance to faults, and distance to streams, were considered as
effective indicators for predicting landslide occurrence. Two normalization methods were employed, namely, the
Min-Max normalization method for the SAW method and the vector normalization method for the TOPSIS and
VIKOR methods. In addition, the group decision-making method in the Analytical Hierarchy Process (AHP) was
used to determine the weights of causal factors based on the perspectives of 12 experts. Furthermore, the Quality
sum (Qs) index and the Area Under the Curve (AUC) values of the Receiver Operating Characteristic (ROC)
curves were used to validate the performance of the different MADM methods used in this study.
Results and Discussion: The Qs values for the AHP-SAW, AHP-TOPSIS, and AHP-VIKOR methods were
calculated as 0.241, 0.262, and 0.626, respectively. Also, the AUC values for these three methods were
calculated 0.769, 0.786, and 0.805, respectively, so that they are within the acceptable and excellent acceptance
range. In this study, the AHP-VIKOR method is introduced as the best method for producing a landslide hazard
map. One of the disadvantages of using hybrid MADM methods is their reliance on the precise calculation of the
weights of causal factors, which heavily depends on expert's view points in the AHP method. To adress this, the
group decision-making method was applied in AHP to improve weights calculations. It is worth noting that the
AHP-SAW method used in this study, which demonstrates acceptable accuracy in producing landslide hazard
maps, has also been introduced in other studies as a simple and efficient method. Although the SAW method is a
simple weighting method based on normalizing the decision matrix data, determining the weights of the
indicators, and aggregating the indicators based on the weighted average method, it is widely used in
environmental assessments. Additionally, the Density Ratio (Dr) values of different landslide hazard classes,
calculated for the VIKOR method, exhibit an upward trend from areas with very low potential for landslide
occurrence (class 1) to areas with very high potential for landslide occurrence (class V). This trend highlights the
VIKOR method capability for producing landslide hazard maps in the study area.
Conclusion: The evaluation of hybrid MADM methods based on performance evaluation indicators, indicated
acceptable (AHP-SAW and AHP-TOPSIS) and excellent (AHP-VIKOR) performance of methods for producing
landslide hazard maps. Due to the presence of areas with high to very high landslide hazard potential in this
region, planning for landslide risk management is strongly recommended. Although landslide distribution maps
are beneficial for evaluating MADM methods, the lack of reliance on these maps during the MADM process is
one of the strengths of this approach. However, accurately determining the weights of causal factors remains a
challenge. To enhance the weight calculation process, using the group decision-making method in AHP is highly
advisable.
Keywords: AHP; Causal factors; Decision matrix; Group decision-making; MADM
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Figure 3- The schematic layers related to causal factors with secondary values (classified): (a) Reclassified
land use, (b) Reclassified lithological map, and (c) Reclassified altitude
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Figure 4- The schematic layers related to causal factors with primary values (unclassified): (a) Mean
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Extended Abstract

Introduction: Dust storms are a consequence of desertification and land degradation, particularly in arid and
hyper-arid regions worldwide. The factors influencing the spatial distribution of dust storms are largely dependent
on altitude and latitude. Among natural disasters, droughts stand out as climatic anomalies that develop gradually
and insidiously, exerting pressure on various societies. Drought can significantly affect the conditions and
characteristics of dust storms. The primary objectives of this research are to examine the temporal and spatial
distribution of dust storms in llam and Khuzestan provinces, and to explore the relationship between
meteorological drought characteristics and the occurrence of dust storms in these regions.

Materials and Methods: This study investigates the temporal and spatial variations of dust storms and the impact
of drought characteristics on them during the statistical period of 1989-2019. The characteristics of drought were
identified using the Standardized Precipitation Index (SP1) method. Dust storm data were extracted from synoptic
station records related to the horizontal visibility on dusty days. Monthly, seasonal, and annual distributions of
dust storms were analyzed. The trends in dust storms, precipitation, and temperature changes were determined
using the Mann-Kendall method and Sen's slope estimator. Additionally, satellite images from the MODIS sensor
were analyzed for days associated with dust storms, and the Aerosol Optical Depth (AOD) and Normalized
Difference Dust Index (NDDI) were derived. The relationship between drought characteristics and dust storm
characteristics was then assessed using correlation and linear regression analyses, and the effects of drought on
dust storm occurrences were examined.

Results and Discussion: The years 1990, 1995, 2007, 2008, 2010, 2011, and 2017 experienced widespread
droughts, with 2008 recording the highest drought intensity and extent. Meteorological data indicated that January
and August, as well as the winter and autumn seasons, had the highest and lowest incidences of dust storms,
respectively. According to the AOD index, April and December, and the spring and autumn seasons, exhibited the
highest and lowest dust storm occurrences, respectively. During the studied period, the frequency of dust storms
increased at 11 stations and decreased at 8 stations. The trend of maximum temperature was upward at all stations,
while minimum temperature trends were upward at most stations. Precipitation trends were generally decreasing
across the studied stations. The NDDI index provided a good estimate of regional dustiness, although in some
cases, the index data did not align with ground observations and contained significant errors. Statistical tests
revealed correlations between maximum temperature, minimum temperature, and precipitation data. However, the
AOD index generally showed no correlation with other variables.

Conclusion: The analysis of the relationship between drought characteristics and dust storms indicated that 2008
saw the most frequent and severe dust storms, as well as the most widespread drought, though this trend was not
consistent in other years with widespread droughts. Comparing llam and Khuzestan provinces, it was observed
that southwest llam, which borders Khuzestan, shares similar dust storm characteristics due to comparable
topography and climatic conditions. Overall, there is a significant difference in the intensity and frequency of dust
storms between the two provinces, largely due to llam's mountainous terrain, especially in its central and northern
regions. Additionally, it appears that the primary source of dust storms in the region originates from neighboring
countries southwest of Iran. The flatness of the Khuzestan plain also contributes significantly to the intensity of
wind activity, leading to higher frequency and severity of dust storms.

Keywords: SPI index, NDDI index, AOD index, drought characteristics.
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Figure 3- Zoning of widespread dry years during the statistical period of the studied stations
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Figure 4- Dust intensity zoning of the studied stations
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Figure 4- Seasonal dust zoning of the studied stations
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Figure 5- Monthly dust zoning of the studied stations
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Figure 6 - Graphs of dust storm trends for selected stations in the two studied provinces
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Table 3 - Correlation results of dust storms, maximum and minimum temperatures, precipitation, and
AOD index at Ilam station
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Table 4- Annual distribution of AOD trends in the studied stations
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Table 5 - Regression relationships of maximum and minimum temperatures, precipitation, and AOD index for
selected studied stations
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Figure 7 - Zoning of the number of days with pervasive dust storms based on the NDDI index
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Extended Abstract:
Introduction: Climate change is considered one of the main and important threats to the environmental, economic

and social. Climate change has been occurring all over the world without taking necessary measures to reduce
greenhouse gas emissions and in recent years has left disastrous effects in many countries. The increase in
greenhouse gases in the atmosphere due to the development of industry and increased use of fossil fuels and changes
in land use in the last few decades has caused a constant eating of climate variables especially global warming. The
negative consequences of this phenomenon for mankind can be destructive to the extent that among the ten
threatening factors for mankind in the 21% century, the climate change phenomenon has taken the first place. This
study aims to investigate the extreme temperature and precipitation changes using the Statistical Downscaling
Model to downscale the output of the MPI-ESM1-2-HR model from the GCM report under three scenarios SSP1-
2.6, SSP2-4.5 and SSP5-8.5 for the next three periods of the near future, the average future and the far future in the
Todeshk watershed in Isfahan.

Materials and methods: In this study, to evaluate the performance of the general circulation model of MPI-ESM1-
2-HR in the downscaling of maximum and minimum temperature parameters and precipitation of the Naein synoptic
station in Isfahan province during 1989-2014 were used as the base period. In this model, data from 1989 to 2006
were used as the calibration and data of 2007 to 2014 were used as model validation. First, using linear regression
test in SPSS software, among 26 variables of ECMWF historical data, variables that had the highest correlation
with dependent variables were extracted as independent variables. Also in order to evaluate the performance of the
model, goodness of fit correlation coefficient, root mean square error, nash-sutcliffe, kling gupta efficiency and
taylor diagrams were used.

Results and Discussion: The results of the goodness of fit coefficient R, RMSE, NSE and KGE in the calibration
and validation of the MPI-ESM1-2-HR model with the SDSM downscaling model to estimate the precipitation
variables, maximum temperature and the minimum temperature of the Naein synoptic station were 0.97, 0.42, 0.96
and 0.87 respectively, which implies the high performance and accuracy of the model in modeling of climatic
variables. The results showed that the output of the MPI-ESM1-2-HR model and the SDSM statistical model have
high and medium performance for downscaling of maximum and minimum temperature and precipitation variable
in the Naein synoptic station, respectively, and the high and average conformity between the scenario of the
maximum and minimum values of the maximum and minimum temperature and the precipitation variable under
scenarios SSP1-2.6 and SSP2-4.5 and SSP5-8.5 for the time periods 2015-2042, 2043-2070 and 2071-2100. The
results also showed that in the MPI-ESM1-2-HR model, the average monthly precipitation amounts in the time
periods 2015-2042, 2043-2070 and 2071-2100 have been reduced to 0.21, 0.22 and 0.24 mm, respectively, and the
average maximum temperature values were 1.49, 1.5 and 1.52 °C and the mean temperature of minimum
temperature will increase 0.51, 0.53 and 0.54 °C under scenarios SSP1-2.6, SSP2-4.5 and SSP5-8.5 respectively.

Conclusion: Since the current conditions of the world show the spread of climate change in all countries and in all
continents and risks of sustainable development, international community needs to move toward environmentally
compatible environments, use of clean and non-renewable energy and implementation of international standards
for sustainable development including reduction of greenhouse gases. Therefore, it seems reasonable that among
the scenarios evaluated in this research, the average scenario SSP2-4.5 is considered as a decision criterion for
planning in order to propose a solution to deal with climate change in policy agenda of policy makers and planners.
Keywords: Climate Change, Downscaling, Sixth Climate Model Intercomparison Project (CMIP6), SDSM model,
MPI-ESM1-2-HR model, Todeshk watershed.
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15- Statistical Downscaling Model
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19- Nash-Sutcliffe model efficiency
20- Kling Gupta Efficiency (KGE)

17- Root-mean-square deviation
18- Correlation coefficient
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Figure 4- Comparison diagram of monthly average values of calibration and validation predicted and
observations of maximum temperature, minimum temperature and precipitation
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Figure 6- Comparison diagram of monthly average of simulated and observed values of the maximum
temperature under the scenario SSP1-2.6, SSP2-4.5, SSP5-8.5
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Figure 7- Taylor diagram of the monthly average of simulated and observed values of the maximum
temperature under the scenario SSP1-2.6, SSP2-4.5, SSP5-8.5
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Table 4 - Evaluation of SDSM model under SSP1-2.6 & SSP2-4.5 & SSP5-8.5 scenario with meteorological
component of maximum temperature

KGE NSE RMSE R Sloj oy99 99 bow oliilgn ailgo Joe pb
0.852 0.969 1.643 0.99 2015-2042

0.854 0.969 1.632 0.99 2043-2070 SSP1-2.6

0.851 0.967 1.678 0.99 2071-2100

0.828 0.966 1.722 0.99 2015-2042

0.830 0.966 1.723 0.99 2043-2070 SSP2-4.5 ain sbks  MPI-ESM1-2-HR
0.830 0.966 1.726 0.99 2071-2100

0.836 0.962 1.806 0.99 2015-2042

0.834 0.962 1.805 0.99 2043-2070 SSP5-8.5

0.826 0.959 1.879 0.99 2071-2100
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Table 5 - Evaluation of SDSM model under SSP1-2.6 & SSP2-4.5 & SSP5-8.5 scenario with meteorological
component of mainimum temperature

KGE NSE  RMSE R Sloj oy99 92 )Leww oliilgn 4il g Joe pb
0827 0988 0884 099  2015-2042

0826 0987 0915 099  2043-2070 SSP1-2.6

0818 098 0939 099  2071-2100

0778  0.983 1.037 099  2015-2042

0780  0.984 1.030 099  2043-2070 SSP2-4.5 et slos MPI-ESM1-2-HR
0784  0.984 1.006 099  2071-2100

0784  0.982 1.081 099  2015-2042

0782  0.982 1.084 099  2043-2070 SSP5-8.5

0774  0.981 1118 099  2071-2100
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Figure 8- Comparison diagram of the monthly average of simulated and observed values of the minimum
temperature under the scenario SSP1-2.6, SSP2-4.5, SSP5-8.5



