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ARTICLE INFO ABSTRACT
. . Flooding is one of the most important challenges facing human civilization and its
Article type: impact is expected to increase due to climate change and massive urbanization. The
Research Article purpose of this research is to zonate flood occurrence using WMS hydrological model
with GIS integration in Shahristanak watershed, one of the sub-basins of Karaj dam in
Article History: Alborz province. In this study, geological maps 1:100000, topography 1:2000 and
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as the most basic data of this research for flood zoning in Shahristanak catchment area.
Also, ArcGIS 10.3, WMS software was used to analyze and prepare maps. A modified
version of TOPAZ model along with WMS was used to calculate the flow direction
from the DEM active area. The results show that in the upstream and downstream of

Keywords: the catchment basin, as we move away from the center of the river, the area of water
Zoning, depth increases. While in some places upstream of the river, the water depth is less. In
Runoff, other words, the lower the water depth, the greater its area, and the greater the water
Flood, depth, the smaller its area. Most of the area is 4.03 meters deep, which is equal to 44.2
Permeability, hectares. The area of the depth of 8.06 meters is equal to 14.5 hectares, the area of the
City. depth of 12.09 meters is equal to 4.6 hectares, the area of the depth of 16.12 meters is

equal to 1.4 hectares, and the area of the depth of 20.15 meters is equal to 1.1. It is
hectares. In general, the WMS model and its integration with GIS is for flood zoning
and determining risk ranges in the region.
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Introduction

Natural hazards, such as floods, often lead to devastating effects on people and the environment.
According to the Internal Displacement Monitoring Center (IDMC), natural hazards displaced an
average of 20 million people worldwide between 2008 and 2019, with the most significant
displacement occurring in 2010, when more than 40 million people were displaced. [17, 27, 33]. In
addition, the Center for Risk Epidemiology Research (CRED) reports that countries such as Indonesia,
the United States, and China experienced the most natural hazards in 2020, and Iran and Mexico
ranked eighth. The number of occurrences of hazards are [5.6]. According to reports, in 2020, the
highest cost of flood damage occurred in China, India, Japan, and Pakistan, whose losses were
estimated at 32, 10, 9, and 2 billion dollars, respectively. For this reason, intelligent sustainable flood
management is necessary to deal with flood risks and effects [11, 15, 19]. It involves integrating
advanced technologies, data analytics, and real-time monitoring systems for informed decision-making
and resource optimization. Nature-based solutions such as wetland restoration, green infrastructure,
and floodplain zoning are prioritized, which provide flood protection and additional benefits such as
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improved water quality and biodiversity [14, 18]. Engaging communities and adopting participatory
approaches enable residents to participate in flood prevention and preparedness. By adopting
sustainable smart practices, we can address the challenges of climate change, reduce risks and create
resilient communities in flood-prone areas [13, 12, 24]. Based on statistical data, there is an urgent
need for smart and sustainable approaches to flood disaster control in Asia.

Materials and methods
In this research, for flood zoning in Shahristanak catchment, geological maps 1:100000, topography
1:2000 and 1:50000, soil 1:100000, and data from synoptic and rain gauge stations are considered to
be the most basic data of this research, which were prepared from the regional water organization of
Tehran province. became Also, ArcGIS 10.3, WMS software was used to analyze and prepare maps.
The digital map created by GIS includes different layers including topographic, vegetation and geo-
hydrological data. This map was used as input data to create a hydraulic model in WMS software
version 7.1 to find the intersection of streams and the opening of sub-basins. A modified version of
TOPAZ model along with WMS was used to calculate the flow direction from the DEM active area.
After assigning the flow direction to each DEM point, TOPAZ calculated the flow accumulation at
each DEM point. Essential geometric parameters for hydrological modeling (such as area, slopes,
runoff length, etc.) were extracted from the DEM data after defining the boundaries of sub-basins and
watersheds. The WMS model estimates various parameters based on the physical characteristics of the
watershed, such as Sin (the sinusoidal coefficient of the flow which is the twisting condition between
any two points in the flow, which is defined by the ratio of the maximum length of the flow to the
straight. Length, (MFD) the maximum flow distance in the watershed (CSD), average distance
between the center of the watershed and points with maximum flow (CSS), slope (CSD), watershed
slope (MFS), average watershed height (AVEL), watershed shape factor (SF), watershed perimeter
(P), and catchment area (A). These parameters are used to simulate and predict flood discharge, depth,
and velocity. Note that the WMS model is configured with additional parameters, including an initial
infiltration time (PI) of 0.2 seconds. Impervious percentage (IP) of 10%, mean curve number (MCN)
of 78, and maximum possible runoff loss.

Discussion and Results
Then, using the soil layer and land use of the area, the CN value of the area was calculated. CN is the
amount of runoff that infiltrates the soil and is obtained from the global table of hydrological groups.
CN value varies between zero and hundred. The lower the value of CN, it means that the amount of
water penetration resulting from the loss is higher and the runoff is less

The CN value of the entire basin is equal to 78. This figure shows the low permeability of the area.
The largest area of the basin belongs to the use of pasture with medium density, and the largest area of
the soil in the basin is rocky and in the hydrological groups that have medium, relatively high and very
high potential in terms of runoff, which is evident from the high CN value of the basin. Average
pasture land with antisol soil has the highest CN value equal to 89 and the lowest permeability equal to
31.3. This area produces the most runoff. For the HEC-1 model, statistics on the average rainfall and
CN and runoff produced in the basin are needed. The average rainfall in Shahristanak catchment area
is 365.6 mm. The amount of runoff produced in the region is between 587.8 mm and 464.1 mm. Most
of the area of the runoff area is 576.8 mm.

The concentration time of the watershed with the SCS method is equal to 1.48

Conclusion

Around the Shahristanak river, due to the fact that it is considered one of the most pleasant areas of
Karaj in terms of climate, with the loss of vegetation due to the open construction of the Karaj-
Chalous road, the type of land use has changed and the same problem It has reduced the permeability.
As a result, the water resulting from rainfall in this river is immediately drawn from the main bed to
the downstream basins. The expansion of construction in the basin level has increased the flow rate
and volume of runoff in it. The generated runoff enters the basin upstream and causes dangerous and
unpredictable floods. The results of this research showed that the WMS model is a suitable model for
flood zoning and determining risk intervals in the region, which is consistent with the results of Safari
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et al.'s research (2019). In order to prevent the dangers of floods and its damages, it is necessary to
have accurate information about the process of land use changes, runoff, etc. Land use changes and
expansion of construction at the level of urban basins increase the discharge and volume of runoff in
it. The runoff created in this watershed has created dangerous and unpredictable conditions due to
extensive changes in land use. Also, the Upper Hand basin is studied because it is more of the asphalt
type with the lowest permeability and the lowest retention rate and the highest amount of runoff
production compared to other parts of the basin, so it is necessary to plan more precisely on this area.
Because at any moment it is possible that a massive flood will cause a lot of damage to the region,
both in terms of life and money. It has also been determined that if the watershed is divided into
smaller sub-basins, more accuracy will be obtained in the results. Also, the results of the research
showed that the type of land use and vegetation at the basin level is the most important parameter that
determines the wastage and infiltration of rainfall and has an effect on the runoff and consequently on
the peak discharge of the basin. Considering that most of the surface area of the area is of average
pasture type and the contribution of this type of cover in creating runoff and maximum discharge is
high, it is necessary to make a more accurate planning in order to reduce the runoff and flooding of the
area and even if possible to avoid drastic changes in land use. to prevent lands. In the conditions of the
studied area, in order to control floods, it should be focused on management and structural aspects.
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