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Flood Generation Potential and Flood Producing Area Determination
Using ArcGIS Software and ModClark Model in Talar Watershed

Seyyd.Mohsen. Manavi!, Kaka. Shahedi?*, Mahmoud. Habibnejad Roshan3, Bagher. Ghermezcheshmeh?

Abstract

Prioritization of sub-watersheds and different areas has an important effect in watershed management.
The purpose of prioritization of sub-watersheds is to provide a pattern for control and decrease flood
hazards and evaluating the role of each sub-watershed in peak discharge of outlet flood hydrograph. In
this study, Talar watershed was selected as study area, because of several floods was occurred in it and
then factors affecting floods like rainfall hyetograph for different return periods, flow length, slope
percentage, land use, soil hydrological group, amounts of CN and time of concentration were
recognized. By combining ArcGIS software and ModClark hydrological model, the potential of
flooding in Talar watershed classified into five classes: Very Low, Low, Medium, High and Very High
within three return periods of 25, 50 and 100 years. The results showed that the contribution of sub-
watersheds in flooding potential will be not only affected by its area but also the location of each sub-
watershed and flood routing in main reach have remarkable effect on flooding regime of the watershed.
Runoff production potential maps indicate that runoff production potential from downstream to
upstream of the watershed is increasing and Chashm sub-watershed in Southeast of the watershed is
considered as the most effective area and unit in flooding of the whole watershed because of heavy
rainfall, high slope and large curve number (CN).

Keyword: Flood, ArcGIS, ModClark Model, Prioritization, Talar watershed
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area, because of several floods was occurred in it and then factors
affecting floods like rainfall hyetograph for different return periods, flow
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ArcGIS, ModClark curve number (CN) and time of concentration were recognized. By

Model, Prioritization, = combining ArcGIS software and ModClark hydrological model, the

Talar watershed potential of flooding in Talar watershed classified into five classes: Very

Low, Low, Medium, High and Very High within three return periods of
25, 50 and 100 years. The results showed that the contribution of sub-
watersheds in flooding potential will be not only affected by its area but
also the location of each sub-watershed and flood routing in main reach
have remarkable effect on flooding regime of the watershed. Runoff
production potential maps indicate that runoff production potential from
downstream to upstream of the watershed is increasing and Chashm sub-
watershed in Southeast of the watershed is considered as the most
effective area and unit in flooding of the whole watershed because of
heavy rainfall, high slope and large CN.

1.  Introduction

Flood is a sudden, rapid and destructive event that causes tangible and intangible human and financial
losses in different parts of the world every year, so controlling or reducing these destructive and
devastating effects requires correct and accurate studies. Considering that in most of the watersheds,
the occurrence of floods and the resulting damage is increasing; therefore, determining flood-producing
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areas and prioritizing sub-watersheds in terms of runoff production potential can be effective in better
management of watersheds.

One of the proposed methods in relation to identifying areas with potential for flood production is the
unit flood reaction method using the ModClark model. Kanbel et al. (2005), Gharib et al. (2017) and
Shabanloo and Rajabi (2012) in different parts of the world, including the United States and Iran,
modeled rainfall-runoff using the ModClark model. It was evaluated more efficiently than many
methods and models, including HEC-HMS and SCS.

In this research, the aim is to determine the potential of flooding in distributed and sub-watershed forms
and compare them in Talar watershed located in Mazandaran province.

2. Materials and Methods

Talar-Shirgah watershed is one of the mountainous waterhseds in the north of Iran with an area of
1896/22 sq.km located in the central Alborz and is drained by the Talar River, with main extension
from south to north. The average altitude in this area is estimated at 1062 m above sea level. The average
annual rainfall in this area is estimated 791 mm (Zabihi, 1394).

In ModClark model, the effective rainfall at any point of the watershed with a delay time proportional
to the length of travel time of that point, reaches the outlet of the watershed. In this method, there is no
need to determine the roughness coefficient and the hydrograph is estimated using two main parameters,
time of concentration and Clark storage coefficient.

After calibration and validation of the model, to determine flooding, each of the slope maps, curve
number, flow length and average annual rainfall of the watershed in different return periods were
divided into four classes. After combining the maps, the homogeneous units are coded in GIS
environment and to determine the effect of each homogeneous unit on the outflow flood discharge and
prioritize them in terms of flooding based on the unit flood reaction method, first the outflow flood
diagram for project rainfall in the return periods of 25, 50 and 100 years were calculated with the
participation of the whole watershed.

3. Results

The results of the comparison between the discharges show that the model in the validation step with
the square of the mean squared error, efficiency coefficient and coefficient of determination are 1.082,
0.905 and 0.757, respectively. Therefore, the results of the model evaluation show the high efficiency
of the ModClark model in simulating flood hydrograph.

Based on the runoff production potential map in the return periods of 25, 50 and 100 years, it was
determined that the runoff production potential increases from downstream to upstream; and the
southeast of the watershed (Chashm sub-watershed) is known as the most effective area and unit in
flooding than other units and areas in this watershed.

4.  Discussion and Conclusion

The results of the present study indicate that using the ModClark model, flooding priority can be
investigated at different scales. This method requires very precise and detailed inputs. According to the
results of this study, the largest and closest sub-watershed to the outlet or the smallest and farthest sub-
watershed from the outlet does not necessarily have the maximum and minimum effect on the maximum
flood discharge at the outlet; Rather, factors such as land use, soil hydrological group, slope percentage
in sub-watersheds can have a greater impact on peak discharge values and runoff production potential.
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