Journal of Water and Soil
https://jsw.um.ac.ir iy

Research Article
o Vol. 37, No. 1, Mar.-Apr. 2023, p. 145-164

Synoptic-Dynamic Analysis of Heavy Rainfall Leading to Flooding in Golestan
Province in March 2019

F. Abdolalizadeh®!", A.M. Khorshiddoust®

Received: 01-10-2022 How to cite this article:

Revised: 24-12-2022 Abdolalizade, F., & Mohammad-Khorshiddoust, A. (2023). Synoptic-

Accepted: 25-12-2022 Dynamic Analysis of Heavy Rainfall Leading to Flooding in Golestan

Available Online: 25-12-2022  province in March 2019. Journal of Water and Soil 37(1): 145-164. (In
Persian with English abstract).
https://doi.org/10.22067/jsw.2022.78803.1203

Introduction

Heavy rains often occur in small areas, but they may be the result of large-scale systems and their energy and
moisture are provided from distant areas (Mohamadei et al., 2010). Therefore, identification of synoptic systems
is of great importance in order to predict precipitation. Although rain has many positive effects on human life,
heavy rain can cause one of the most dangerous and damaging natural disasters, namely floods. Every year, floods
cause many human and financial losses in different regions of the world. Floods are more effective in vulnerable
areas and cause the loss of human lives, damage to property and products, disruption of transportation and services,
and other economic losses (Kheradmand et al., 2018). In March 2019, heavy rains occurred in Golestan province,
which caused flooding in parts of this province, especially in the cities of Gonbad-Kavus and Aqgala. Most of this
heavy rain and flood occurred in the Gorgan River basin. According to meteorological reports, the rain started
from the night of 03.17.2019 and continued until 03.21.2019, although the heaviest rainfall occurred from the
03.18.2019. The volume of the flood was so great that the dams on the Gorgan River could not accommodate it.
According to the reports of the regional water company of Golestan province, the flood entered the Bostan dam at
1 am on 03/19/2019, and after passing through it, entered the Vashmgir dam at 6 am, and then on 03.21.2019
entered the city of Aggala. The damage of this flood was estimated at about 4800 billion Tomans, which includes
damage to 17800 residential units, damage to farms, transportation infrastructure, 40% reduction in tourism,
damage to industrial units, unemployment of about 3000 people, and damage to the nomads of the province.
(Islamic Republic News Agency, 04.09.2019). Considering the heavy damage caused by the mentioned heavy rain
and flood in Golestan province, it is necessary to identify and analyze the causes of its occurrence in order to plan
and take the necessary measures to prepare and deal with such incidents.

Materials and Methods

The study area is Gorganrood watershed, most of this area is located in Golestan province. Golestan province
is one of the northern provinces of the country and is located in the southeast of Caspian sea. In this research, in
order to identify and analyze the heavy rain that occurred in Golestan province in March 2019, which led to severe
flooding, several types of data were used (data from meteorological stations, NCEP/NCAR reanalyzed data,
MODIS satellite images, GPM precipitation products). First, using the rainfall data of the synoptic stations located
in the Gorgan River watershed, the time of heavy rainfall was identified, and then using the data of the
aforementioned stations and several stations outside the basin, a rainfall zoning map was prepared. MODIS satellite
images were also used to check the position of precipitation system and cloudiness of region. Using GPM satellite
rainfall products called IMERG, which were extracted on a half-hourly basis, as well as the main synop reports of
meteorological stations, which are reported on a six-hourly basis, the intensity of rainfall was investigated. In
addition, the physical conditions of the basin were investigated using the topography and slope map of the basin
prepared from the DEM layer of the region. In the following, using the reanalyzed data of the NCEP/NCAR
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database (National Center for Environmental Prediction - National Center for Atmospheric Research of the United
States), synoptic maps including maps of land surface pressure, geopotential height of the upper atmosphere,
Omega (indicates the speed of vertical movements of the atmosphere), wind direction and speed, moisture flux
convergence function, frontal function, specific humidity, atmospheric precipitable water and Hoff-Mdller
diagram were drawn to identify the synoptic and dynamic factors of the mentioned precipitations.

Results and Discussion

The results of the present research in the analysis of flood factors can be summarized as follows:

— Survey of the topography and slope of the Gorganrood basin revealed that the physical conditions of the basin are
such that the potential for flooding is high.

— The amount of rainfall in 24, 6 and a half hour intervals in the study area were investigated and it was shown
that the rainfall occurred on March 17, 18 and 19, especially on March 18, in terms of the intensity of rainfall
were very intense.

— Investigation of the state of the middle troposphere showed that the formation of the Rossby wave and the
meridional expansion of one of its troughs, along with the creation of a positive vorticity that dominated the
studied area on the seventeenth of March, are the main factors in the creation of a baroclinic atmosphere and
the dynamic ascent of air.

— Investigation of the synoptic-dynamic conditions of the lower levels of the troposphere showed that in the
lower levels of the low-altitude synoptic system with closed meters, at the same time as the deep trough reigns
over the region, it has been formed and strengthened during peak rainfall times and has led to a strong rise of
air.

— Investigating the state of atmospheric humidity in the study area and identifying sources of moisture supply
using special humidity maps, moisture flux convergence function and atmospheric flow paths were carried out.

— Investigating the omega variable in the vertical profile of the atmosphere using the Hoff-Mueller diagram
showed that during the times of precipitation events, upward movements prevailed in all levels of the
troposphere, especially during the peak of precipitation, the upward movements became more intense in the
lower levels.

— Identifying the type of clouds using MODIS products showed that during heavy rains, especially on March 18,
deep convective clouds with a high density of water were formed in the region, which extended up to a height
of 300 hectopascals and were very thick.
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Table 1- The flood volume of the Gorganrood river in the period from 03.17.2019 to 03/14/2018
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Source: Regional water company of Golestan
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Figure 1- Geographical location of Golestan province and Gorganrood watershed
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Table 2- Meteorological stations used in the research
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Figure 3- Total rainfall during March 17-21, 2019 in Gorganrood basin
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Table 3- 6-hour rainfall data of four selected stations of Gorganrood basin extracted from meteorological reports for peak

rainfall time
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Figure 4- GPM satellite product image for rainfall from 9:30 to 10:00 (UTC) on March 18, 2019
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Figure 5- Slope classification (a) and topography (b) of Gorganrood basin
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Figure 6- Synoptic-dynamic state of the middle troposphere from March 14 to 21, 2019: 500 hPa level height in geopotential
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Figure 7- Frontogenesis Function at 700 to 500 hpa levels
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Figure 9- Average specific humidity (g/kg) and air flow in the levels of 1000 to 700 hectopascals for March 17 and 18, 2019
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Figure 10- Moisture flux convergence in g/kg.s (color spectrum) and wind vectors for March 17 and 18, 2019
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3- International Satellite cloud climatology project
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