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Introduction

Natural hazards are an inseparable part of human life and have existed continuously since the creation of mankind.
Any unexpected and sudden natural event that causes the weakening and destruction of economic, social, and cultural
capabilities, such as loss of life and property, destruction of infrastructure, financial resources, and areas of decline in
employment in society, is considered a natural disaster. Preparing risk maps and assessing the susceptibility of the
basin to drought can improve the preparedness of a region and reduce the effects of drought by publishing drought
mitigation plans at the national and regional levels. Ardabil province, like other provinces in the country, has been
experiencing climate change in recent years. Abstract: A 10-year survey and analysis of the Standardized Permeability
Index (SPEI) in Ardabil shows that mild to very severe (long-term) droughts occur in many areas of the province, with
68 percent of the province experiencing mild to very severe droughts and only 32 percent experiencing normal to
moderate drought conditions. Of the drought-affected area, 19.07 percent is mild, 24.42 percent moderate, 22.56
percent severe, and 72.23 percent very severe. Therefore, it is essential to examine its drought situation in the coming
years, considering the need for water resources management in the region.

Extended abstract \

Methods and Materials

To prepare a map of drought-prone areas, annual statistics from the rain gauge and synoptic stations of this province
and the DSI index were used. In this study, based on previous studies, a combination of natural factors (slope, rainfall,
temperature, etc.), human factors (land cover changes), and morphometric indices involved in the occurrence of
drought, including the topographic wetness index, mass balance index, geographical location index, and wind shelter
index, are considered. After collecting and extracting data, maps of information layers will be prepared in ArcGIS and
SAGA_GIS software.

Results and Discussion\

The present study was conducted with the aim of zoning and predicting drought-sensitive areas using a bagging-
random forest hybrid machine learning model in Ardabil province. After preparing a map of the distribution of
droughts and identifying the factors affecting their occurrence, a map of the region's susceptibility to drought was
prepared using the above method. The results of evaluating the models using the ROC curve show that the model's
performance with an area under the curve (AUC > 0.9) is excellent in predicting drought-sensitive areas. The results
of the permutation study in the above model to determine the factors affecting the occurrence of drought in Ardabil
province show that atmospheric factors, including rainfall, temperature, and climate, have the highest and lowest
impact on the wind shelter index and mass balance index, respectively. The two wetness indices and geographical
location were eliminated due to their very small impact (near zero) on the model in the process of preparing drought
sensitivity prediction maps.

Conclusion

Maintaining and increasing vegetation cover in these areas could be a reason for reducing the occurrence of this
phenomenon. The results of the final drought prediction map in Ardabil province showed that about 60 percent of this
province is very sensitive to droughts and is in critical conditions. The results of the ROC curve and the area under
the curve (AUC) showed that this model has provided very acceptable results in terms of separating risk categories
(above 60 percent in classes with high and very high sensitivity) and in terms of evaluating models with a performance

)



level of 0.911. Given the high sensitivity of this province to droughts, it is necessary to take the necessary measures
to deal with these events to prevent the worsening of conditions in this province. The results of such research can help
managers and officials of micro-national planning largely prevent possible future risks by making correct and
implementable decisions in the short term.

Due to the complexity of drought phenomena, simple drought indices cannot properly describe the relationships
between climatic, topographic, and anthropogenic factors that affect natural phenomena, especially drought events.
To reduce the effects of drought and improve management, it is very important to develop a spatial framework for
identifying drought-prone areas at a regional scale. By integrating the results of the drought index with drought
prediction models, the factors that affect the development of drought will be significantly revealed. The results of the
bagging random forest hybrid model for Ardabil province showed that areas with high sensitivity to drought are more
in the south and, to some extent, in the central parts of this province. The presence of low rainfall along with arid and
semi-arid climates will lead to an increase in temperature and evapotranspiration, accompanied by a decrease in
vegetation cover. The southern part of the province will be less sensitive to future drought than other regions. In
general, the decrease in rainfall is one of the main factors affecting and intensifying drought in this vaince.

Keywords: Climatic factors, Hybrid models, Drought, Natural hazards, Permutation index.
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Fig 1. Geographical Location of Ardabil Province in National Divisions
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Fig 3. Sensitivity Maps and ROC Curve Results For The Bagging — Random Forest Model in Ardabil
Province
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