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Fig 1. Map of the geographical location of Sistan and Baluchestan province and Chabahar and Konarak cities
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Interannual Time Series
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Fig 2. Average total monthly rainfall from 2000-2020
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Fig 3. Average monthly rainfall from 2000-2020
\ J..,"..-n 6|a‘)“’.ﬁb j_‘gLvaS Jt'jhfc scdbnn o

Slle 5 55 5 (V) Jsder 550 https://scihub.copernicus.eu ulus 5 fow sdy oy 5l das 5 |3 5 glaad Ll s
23 5 50 a5l s 53ls ; (Sentinel Application Platform-Version)SNAP

VoY /AN fow 5l 3 Yo/ VR o 3l 505, VY Glojosliss 53 ) iz (glolpale y slat ) g

2020.01.16
Lol ol Oloslu 3l sdiag (63500 CI= 55 IW ‘5)1;1,4_)4‘}@».3;!)&%\;“:5

Table 1. Sentinel 1 satellite imagery in the 12-day recurrence before the flood of 2020.01.04 and after the flood of
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Figure 4. Flowchart of pre-processing steps of Sentinel-1 images
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Table 3. Classification process with stochastic forest algorithm
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Table 4. Evaluate the accuracy of the classification algorithm
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Fig10. Location map of safe areas for accommodation and flood relief services
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Abstract

Sistan and Baluchestan provinces, including the coastal cities of Chabahar and Konarak, have long been
exposed to natural hazards, including floods. The main purpose of this study is to evaluate the flooded areas
and determine the location and extent of the areas that have suffered the most flood damage in January 2017
in Chabahar and Konarak counties. Due to climate change such as heavy rainfall and using Sentinel-1 satellite
images in the two time periods before and after the accident, based on the analysis and processing of images
in SNAP software, the Sigma zero scattering coefficient of both images was extracted and divided into two
levels of water and others. The water was separated and the threshold of 0.01 was obtained. Using the algebraic
algorithm of water and non-water binary images in the form of zero and one and based on the difference
between the two images, the flooded area was identified. The flooded areas were then classified using a random
forest algorithm with a kappa coefficient of 0.91. Indicates the high accuracy of the classification. After
preparing the map of flooded areas to locate safe points of value in Expert choice software based on the studied
criteria which include (river area, structure, direction, width of communication network, and slope of the study
area) and using fuzzy logic of 0.9 gammas in the environment Arc GIS10.6 software is discussed. The obtained
results have determined the area of nearly 426.46 square kilometers of areas affected by floods, which have
the most damage and destruction to urban and rural land use, agriculture, and animal husbandry and block the

communication routes of most villages, as well as mapping safe areas for air, sea and land services.
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keywords: Evaluation of flooded areas, Sentinel Series 1 radar images, Algebraic algorithm, Stochastic forest
algorithm, Fuzzy logic, GIS
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Evaluation of floodplains using sentinel-1 images to locate safe places
(Case study: Chabahar and Konarak counties)
Abstract

Statement of the Problem: Flood is one of the unexpected natural disasters that occur due to flooding and submergence
of a significant part of the earth. During or after heavy rainfall, the flow of the river increases rapidly, and as a result,



water overflows from its normal bed and covers the floodplain and surrounding areas. The size of floods and their
recurrence over time depend on the intensity of rainfall, soil permeability, and topography of the area. Floods are the

biggest natural disasters that can occur in different climates and affect the environment, agriculture, and infrastructure.

Periodic floods occur naturally in many rivers and cause the formation of areas called floodplains. The cause of these
floods is heavy rains and sometimes accompanied by melting snow, which causes the river to overflow and water to flow
into the fields along the river. The occurrence of natural disasters, such as floods, often has devastating consequences on
human settlements, causing heavy losses to residents, destroying buildings and infrastructure, and imposing far-reaching
economic and social consequences on communities and countries. Climate change is one of the most important and
influential reasons for the occurrence of floods in December 1998 in Sistan and Baluchestan provinces, where we are
witnessing a disturbance in the balance in the type, amount, and time of rainfall. In this way, the type of rainfall has

changed from snow to rain. On the other hand, we see heavy rainfall and severe droughts. However, the distribution of
these precipitations in different seasons of the year is out of balance and is not uniform. One of the reasons that floods in
Iran cause significant damage is that, unfortunately, we do not fully implement the plans made to take the necessary
measures. Matching accurate information extracted from the site is very important. Therefore, the use of remote sensing,
which provides high-resolution images, andthe ability to extract accurate and timely spatial information, especially radar
data, is a suitable tool for therapid extraction of flooded areas. Quickly create a map of flooded areas using data Radar
provides valuable information for early planning and management of natural disasters, especially floods. Consider
planning priorities;

Purpose: In this study, detection of flooded areas using radar data from Sentinel Series 1 satellite using semi-automatic
processing and locating safe areas for temporary accommodation and rescue services using thefuzzy hierarchical analysis
(FAHP) method Due to the geographical location of Chabaharo Konarak city in the south of Sistan and Baluchestan
province, this area has a high potential in terms of natural hazards, including floods, which should be considered in
advance. For proper management and planning in rapid detection of flood-affected areas and locating safe points and
taking the necessary preventive measures, accurate and up-to-date spatial information is required. Obtaining multi-time
satellite images and using fans Image processing for automatic detection of change is one of the optimal methods that can
be used in monitoring natural hazards.

Methodology: Chabahar and Konarak counties in the south of Sistan and Baluchestan province with an area of 33,698
square kilometers, have a hot and humid desert climate. The average annual rainfall is 2.114 mm and they are at risk of
floods annually. In the present study, which is based on the evaluation of flood-prone areas for locating safe areas in the
two cities of Chabahar, Konarak, Sistan, and Baluchestan province, the data collection method is based on exploratory

theoretical foundations in the form of library documents. Research stages to receive a graph of the average monthly
rainfall from 2000-2000 and also the average monthly rainfall from 2020-2000, which is a growing trend of rainfall in
recent years, prepared from Giwani site with a period of 20 years in the study area that increases rainfall. The year 1998
is determined compared to the previous year and then by calculating the area of flooded areas using Sentinel 1 satellite
images, at the level of theone-dimensional mixed image, high throughput, andVH polarization, with a period of 12 days
before and after the flood. SNAP software and its classification into two classes of flooded areas and others in the software
environment (ENVI) and processing of these two images to calculate the area affected by the flood and estimate the
amount of damage to this area in the software environment of the Geographic Information System (ArcGIS). It is observed
that it covers an area of 426 square kilometers. Due to the importance of rescue services due to the blockage of
communication routes and locating safe areas for accommodation and services using maps (altitude, slope, main road,
main and secondary river) first in-weigh Expert Choi's software environment (Expert choice) that the proximity to the
mainroad is 0.1 and the appropriate slope is 0.9 and the distance from the rivers is weighed 0.5 and then in the environment
of the Geographic Information System (ArcGIS) to prepare a gamma map of 0.9 using hierarchical analysis (FAHP) states
that safe blue areas have great potential for safe havens for flood victims.

Results and discussion: The results of the precipitation diagram show the climate change and the growth trend of
precipitation in recent years and the increase in rainfall in 1998 compared to last year in Chabahar and Konark. Base and
classification pixels with arandom forest algorithm with akappa coefficient of 91% show high classification accuracy.
The obtained results are the area of nearly 426.46 square kilometers of areas affected by floods, which is the most damaged
and destroyed urban and rural land use, agriculture and animal husbandry, and the blockage of communication routes in

most villages. Mapping Safe Areas for Air, Sea, and Land Services Using Gamma Fuzzy Hierarchical Analysis Figure



0.9 (10) Safe Areas are shown in blue. Identification, zoning, mapping of floodplains and analysis, management, and

location of safe areas using remote sensing techniques and GIS are well interpreted in this study.

Conclusion: In this study, to detect flooded areas of Chabahar and Konarak cities of Sistan and Baluchestan province, a
semi-automatic monitoring technique using based-pixel algorithm and stratification with random forest algorithm using
Sentinel Series 1 sensor data was used. Also, after estimating the flooded areas using digital model maps of elevation,
slope, main roads, main and secondary waterways and valuation with Expert Choice software and fuzzy hierarchical
model to locate safe areas for temporary accommodation and relief services. In general, based on the results, we can
understand the ability of the proposed method in therapid detection of flooded areas and thelocation for relief services.
This technique for other natural disasters. It can be used for earthquakes, landslides, fires, etc.

Keywords: Evaluation of flooded areas, Sentinel Series 1 radar images, based-Pixel algorithm, Stochastic forest
algorithm, Fuzzy logic, GIS



