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Assessment Rapid Urban Inundation Method Based on Urban
Terrain: Depth, surface and volume of inundation

Ebrahim Yousefi Mobarhan?, Karim Solaimani?, Ghorban Vahabzadeh?®

Abstract

Storm-inundation models based on hydrology and hydrodynamics require a large
amount of input data (detailed terrain, sewer system and land use data). In this paper, in
order to determine inundation conditions quickly with only a few usually available input
data is proposed an urban storm-inundation simulation method (USISM) based on
Geographic Information System (GIS). The USISM is a simplified method of
distributed hydrological model based on DEM, in this method depressions in terrain are
regarded as the basic inundated area. The amount of water that can be stored in a
depression indicates the final inundation distribution. The runoff and maximum storage
volume for each depression and the flow direction between these depressions are all
considered in the final inundation simulation. The SCS method is used to calculate
storm runoff and a water balance equation is used to calculate the water storage in each
depression. The result shows that in all four-storm event, the average relative depth
errors of depth in all inundation sites are less than 20%, while the average relative errors
of area and volume are more than 60% Therefore, the USISM method has a higher
ability to simulate the final depth of inundation than the surface and volume of
inundation. The result reveals that the USISM method could find the inundation
locations in the Damghan Urban Watershed and calculate inundation depth and area
quickly and therefore display a significant role in the management of the urban crisis.

Keywords: Digital elevation model, Management of crisis, urban storm-
inundation simulation method.
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Abstract

Storm-inundation models based on hydrology and
hydrodynamics require a large amount of input data (detailed
terrain, sewer system and land use data). In this paper, in order
to determine inundation conditions quickly with only a few
usually available input data is proposed an urban storm-
inundation simulation method (USISM) based on Geographic
Information System (GIS). The USISM is a simplified method of
distributed hydrological model based on DEM, in this method
depressions in terrain are regarded as the basic inundated area.
The amount of water that can be stored in a depression
indicates the final inundation distribution. The runoff and
maximum storage volume for each depression and the flow
direction between these depressions are all considered in the
final inundation simulation. The SCS method is used to
calculate storm runoff and a water balance equation is used to
calculate the water storage in each depression. The result
shows that in all four-storm event, the average relative depth
errors of depth in all inundation sites are less than 20%, while
the average relative errors of area and volume are more than
60% Therefore, the USISM method has a higher ability to
simulate the final depth of inundation than the surface and
volume of inundation. The result reveals that the USISM
method could find the inundation locations in the Damghan

* Corresponding Author: Ebrahim Yousefi Mobarhan

Address: Soil Conservation and Watershed
Management  Research  Institute, = Semnan
Agricultural and Natural Resources Research and
Education Center, Agricultural Research, Education
and Extension Organization (AREEO), Semnan, Iran

Email: E.Yousefi M@gmail.com
Tel: +9823 33 44 19 45

Ebrahim Yousefi Mobarhan, Karim Solaimani, Ghorban Vahabzadeh. Assessment Rapid Urban Inundation Method
Based on Urban Terrain: Depth, surface and volume of inundation



449 _ Iranian Journal of Irrigation and Water Engineering

Urban Watershed and calculate inundation depth and area
- quickly and therefore display a significant role in the
' management of the urban crisis.

1. Introduction

Efficient flood modeling is a useful tool in sustainable urban development for immediate flood
forecasting and water resources management. urban storm-inundation models can be classified into
three groups based on the calculation algorithm: hydrological, hydrodynamic and simplified models.

In this research, we present an Urban Storm Inundation Simulation Method (USISM) for simulation
four storm events. This method is a simplification of a distributed hydrological model and includes
components of flood and stormwater runoff models. Depressions of terrain are regarded as the basic
inundation area, catchment area and depression connectivity are considered in USISM. the evaporation,
infiltration, and drainage processes of the sewage system have been simplified to such an extent that
USISM can simulate flooding with commonly available and limited information.

2. Materials and Methods

In the USISM, the final inundation condition is calculated instead of the flood process. Depending upon
gravity of the water, all sloped areas can only have convergence flow and cannot be inundated; only
depression areas can be inundated. To obtain inundation volume, area and depth in a region, three steps
should be followed. First, determine depressions in a region from the DEM, calculate the volume curve,
and obtain maximum storage volume. Second, calculate storm runoff and find how many areas runoffs
flow to each depression. Third, determine flow direction of the depressions and calculate area and depth
of each inundated depression using a water balance equation.

1. Runoff calculation

In terms of water balance, total precipitation consists of infiltration, evaporation, surface runoff and
sewer system runoff. Among these, only surface runoff contributes to inundation of an urban area,
because it is transformed into a certain amount of inundation at depressions and outfall of the basin.

2. Inundation calculation

As stated earlier, urban storm inundation is a case of non-source flooding. To calculate the inundation
condition of each depression, the catchment of each depression should first be determined, and then the
surface runoff for each depression calculated. Taking into account ‘‘high elevation depression’’
conditions (some depressions can be inundated because of local topography, although their average
elevation is higher than others) and depression connectivity, surface runoff should fill depressions of
the current area first. If a depression overflows, the excess water flows toward a downstream depression.
Therefore, to calculate inundation, relationships of connection between the depressions should also be
determined.

3. Results

In this study, eight locations are Inundation according to field observations. These sites all belong to
the submerged surfaces obtained from the simulation and show that the USISM method can effectively
determine the level of Inundation. The measured depth is an average for the inundation area, and the
measured volume is calculated by the depth multiplied by the inundation area. The simulated volume
is calculated using USISM, simulated area is calculated based on the storage curve of the depression
and simulated volume, and simulated depth is determined by volume divided by area. Relative error is
calculated as the difference between the measured and simulated data divides by the measured data. We
see from Table 3 that the depth relative errors of all the inundation locations are below 20%, while some
of the relative errors of area and volume are above 60%. In addition, simulated results of large
inundation areas are better than those of small inundation locations. One of the main reasons is that
terrain accuracy affects inundation area and volume more than inundation depth, especially for small
depressions. After analyzing rainfall events in Damghan urban basin and calculating excess rainfall
caused by the SCS method, the values of total depth, total surface and final volume of inundation caused

Ebrahim Yousefi Mobarhan, Karim Solaimani, Ghorban Vahabzadeh. Assessment Rapid Urban
Inundation Method Based on Urban Terrain: Depth, surface and volume of inundation


https://www.sciencedirect.com/topics/earth-and-planetary-sciences/catchment-area

Iranian Journal of Irrigation and Water Engineering _ 450

by all four occurrences were extracted and as shown in Table 4. The results of this table show that with
increasing storm from 29 mm in the second event to 38 mm in the third event; The depth, surface and
final volume of inundation increased significantly by 35%, 12% and 53%, respectively.

4.  Discussion and Conclusion

USISM computes the inundation condition based on water balance of each depression and sub
catchment, so precision of the depression and sub catchment division is very important to simulation
accuracy. First, accuracy of the terrain has a great impact on inundation simulation, especially for small
inundation areas. In general, there are not many changes to large-scale inundation and areas with terrain
precision variations, whereas small-scale areas change greatly. Also, lower-precision terrain results in
disappearance of the latter areas. In addition, highway and railway roadbeds within urban areas and
small retaining facilities such as microtopography influence urban flooding simulation. Thus, high
resolution topographic data is helpful to improve simulation accuracy. Second, the sub catchment
division algorithm is based on the D8 algorithm, which does not work well in flat regions. If the
simulation region is flat and cannot be divided into sub catchment correctly, some assisting methods
should be used to create the sub catchment in order to improve simulation accuracy. USISM simulates
the final inundation condition of a storm, so its duration and intensity are very important to inundation
simulation. Because drainage capacity during the storm is treated as uniform, this will cause simulation
error if rainfall intensity is lower than drainage capacity of the sewer system. Thus, if we treat the storm
as a whole, the simulation result will be less than the actual one. If time series rainfall data can be
obtained, inundation should be calculated with each time-step data using our method. If time-series
rainfall data are unavailable, a short-duration storm is more suitable for USISM. Compared with the
distributed hydrologic model and hydrodynamic model, USISM has the following advantages. (1) Few
input data are required, especially sewer system data from the simulation area. (2) The sub catchment
is divided based on the DEM, and flow between depressions is considered. Simulation speed is fast,
and its result is acceptable with respect to the measured data. (3) The simulation process is very simple.
Operators without significant knowledge of hydrology and hydraulics can calculate storm inundation
using USISM.

5.  Six important references
1. Teng, J. et al., 2017. Flood inundation modelling: A review of methods, recent advances and
Uncertainty analysis. Environmental Modelling & Software, 90: 201-216.

2. Zhang, SH., Pan, B. 2014. An urban storm-inundation simulation method based on GIS. Journal of
Hydrology, 517, 260-268.

3. Zhang, S.H., B. H. Zhao and Eho. D. E. 2014b. Watershed characteristics extraction and subsequent
terrain analysis based on digital elevation model in flat region. Journal of Hydrologic Engineering, 19
(11) 115-122.

4. Zhao, D. Q., J. N. Chen and Q. Y Tong. 2008. Construction of SWMM urban drainage network
model based on GIS. China Water Wastewater 24 (7): 88-91.

5. Yousefi Mobarhan, E., Solaimani, K., vahabzadeh, G. (2016). Urban Storm-Inundation Simulation
Based-on GIS In Damghan Urban Watershed. Irrigation and Water Engineering, 7(1), 26-39.

6. Yousefi Mobarhan, E., solaimani, K., vahabzadeh, G. (2021). Using USISM to Monitor Land Use
Change and Its Effects on Urban Inundation (A Case Study of Damghan Urban Basin). Land
Management Journal, 8(2), 239-251.

6. Conflict of Interest
Authors declared no conflict of interest.

Ebrahim Yousefi Mobarhan, Karim Solaimani, Ghorban Vahabzadeh. Assessment Rapid Urban Inundation Method
Based on Urban Terrain: Depth, surface and volume of inundation



