[ Downloaded from jircsa.ir on 2026-07-11 ]

[ DOR: 20.1001.1.24235970.1404.13.1.4.4 ]

Prioritizing watershed management practices based on hydrological factors in
Chehelchay Watershed

Saeedeh Sadat Hoseinie'™@, Ali Heshmatpour 2@, Hamed Rouhani®®, Hassan Farazjoo*®

1.  M.Sc. Student, Department of Watershed Management, Faculty of Agricultural Sciences and Natural Resources,
Gonbad Kavous University, Gonbad Kavous, Iran, Email: s_hoseinie@yahoo.com

2. Associate Professor, Department of Watershed Management, Faculty of Natural Resources, Gonbad Kavous
University, Gonbad Kavous, Iran, Email: Heshmatpoura@gmail.com

3. Assistant Professor, Department of Watershed Management, Faculty of Natural Resources, Gonbad Kavous
University, Gonbad Kavous, Iran, Email: HamedRuohani@gonbad.ac.ir

4. Former M.Sc. Student, Department of Watershed Management,, Jihad-e-Keshavarzi Organization of Golestan
Province, Gorgan, Iran, Email: Farazjoo_h@gmail.com

ARTICLE INFO

ABSTRACT

Article type:
Research Paper

Avrticle history

Received: 10 November 2024
Revised: 22 January 2024
Accepted: 25 January 2024
Published online: 13 June 2025

Keywords: Individual Remove of
Sub-watershed, Runoff Storage,
Special Index f, SCS, HEC-HMS

Periodic floods are causing increasing destructive impacts and resulting in human
and financial losses in many parts of the country. In this context, identifying flood-
prone areas within watersheds and prioritizing sub-watersheds for implementing
watershed management projects as a preventive measure against floods is considered
one of the effective strategies in natural resource management. In this study, the
contribution of sub-watersheds to the total flood runoff, based on a 50-year return
period, was determined by integrating Geographic Information System (GIS) and
HEC-HMS hydrological modeling. Then, the three sub-watersheds of the study area
were divided into 18 management units. Using the SCS model and the individual
sub-watersheds removal method, along with the flood-specific index, the sub-
watersheds and management units of the watershed were prioritized for the
implementation of watershed management operations. The findings indicated that
management units 10, 14, and 16, with a peak discharge of 647.9 m? s in sub-
watersheds CH3; management unit 7, with a peak discharge of 80.9 m? s* in sub-
watersheds CH2; and management units 3 and 5, with a peak discharge of 64.7 m3 s°
Lin sub-watersheds CH1, are identified as having more critical conditions and higher
priority for the implementation of control and protective measures. The results
obtained from this study will enhance the accuracy and speed of selecting suitable
locations, while also reducing costs for the managers of the implementation sectors.
Additionally, strengthening vegetation cover and applying traditional methods, such
as the construction of small dams in more critical areas, are recommended.
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EXTENDED ABSTRACT

Introduction: Flooding in Iran due to special climate and topography, especially the rainfall regime with
inappropriate temporal and spatial distribution, is one of the most important factors that threaten human capital
and human facilities, which has caused a lot of life and financial losses in the past years. The most important and
vital topics in hydrological studies, are the issue of flood and accordingly the necessity of investigating the
maximum instantaneous discharge of the river regime, considering the major damages and problems caused by
floods, dealing with this phenomenon and its influencing factors. Due to the suitable alternation between the
slopes of the Alborz highlands and the Caspian Sea, the Chehelchay Watershed receives a lot of moisture and
rain-producing masses with average atmospheric precipitation, which causes the generation of surface and
underground water. It is of special importance in terms of water erosion and hydrology. On the other hand, the
identification and improvement of critical areas in terms of the risk of flooding in the study area has not been done
specifically. Based on this, the present research examines the contribution of each sub-watershed in the flooding
of Chehelchay Watershed using Geographic Information System (GIS) and HEC-HMS software.

Methodology: After identifying the days of floods in the study area, the daily storms data related to these floods
was collected. In the next step, the boundary of the study area was determined in the Arc Map Environment. Using
the triangular irregular network (TIN) method, the DEM of the area was prepared. Calculation of the
concentration-time was done using the American Soil Conservation Service (SCS) method. The curve number
(CN) method was chosen to simulate the initial losses of precipitation and infiltration, and the hydrograph method
of the SCS unit was used to determine the hydrograph of the direct runoff of the watershed.

e measured in a Soil Science Laboratory.

Results and Discussion: The results showed that sub-watershed CH1 with peak flow production of 115.3 m?s?
at the exit location has the highest amount and sub-watershed CH3 with peak flow rate of 64.79 m3 s has the
lowest peak flow rate and in other management units of CH1, management unit 4 with the production of the peak
flow rate of 1.34 m® s, the lowest peak flow rate, and management units. 3 and 5 with the production of the peak
flow rate of 64.8 cubic meters per second, the highest peak flow rate, and in the sub-watershed CH2, which has
two management units, with the production of the peak flow rate of 14.5 and 9. 56 m® have the lowest and highest
peak discharge values, respectively. In the sub- watershed CH3, management units. 10, 14 and 16 with the
production of 647.9 m? s has the highest peak flow and working unit No. 12 with the production of 64.8 mé s
have the lowest peak As it was observed, the amount of decrease in the peak discharge from the watershed is not
necessarily proportional to the area of the sub-watersheds, and the sub-watersheds with higher discharges do not
affect the flood discharge in the same proportion, and consequently, the area of the flood watershed areas will not
necessarily change in proportion to the peak discharge and the flood function output and other parameters, this
issue was observed in the calculation of flood of sub-watersheds in the HEC-HMS model by removing individual
sub-watersheds each time the model is run.

Conclusion: In this research, with the integration of GIS and rainfall-runoff models, the mutual effect of
physiographic and climatic factors on the flood potential of the sub-watersheds of the Chehelchay Watershed was
studied. Considering the simultaneity of the peak discharge of the sub- watersheds and the role of trending
flooding in rivers, flood priority in sub-watersheds based on specific peak discharge was done. The calculations
obtained from the implementation of the model with the proposed method show that by dividing the area into
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smaller sub-watersheds and flood trends in them, it is possible to identify flood-prone sub-watersheds according
to their share in the output flood production in the entire area. In addition, the results of this research showed that
the contribution of the sub-watersheds in the total outflow is related to the sub-watersheds that had more runoff
per unit area. In short, it cannot be concluded that the sub-watersheds with higher peak discharges play a greater
role in the outflow flood of the whole watershed.n general, the results of the analysis of 21 soil factors showed
that various factors contribute to the formation of plant communities.
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Table 2- Characteristics of observational rainfall-runoff events for calibration and validation of HEC-HMS model
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Figure 2- DEM map of the area
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Figure 3- Schematic representation of Chehelchay Watershed
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Figure 4- Observational and computational flood related to the selected event on (A-2007/09/29 C- 2011/10/22)

before calibration and flood of observations and calculations related to the selected event on (B-2007/09/29 D-
2011/10/22) after recalibration
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Figure 5- Observational and computational flood related to the selected event on (A-2007/09/29 C- 2011/10/22)

before calibration and flood of observations and calculations related to the selected event on (B-2007/09/29 D-
2011/10/22) after recalibration
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Table 3- Comparison of observational and calculated hydrographs after calibration and validation (three sub- watersheds)
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Table 4- Comparison of observational and calculated hydrographs after recalibration and validation (divided into 18
management units)
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Table 5- Values of model evaluation criteria in the calibration and validation stage (three sub-watersheds)
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Table 6- Values of model evaluation criteria in the calibration and validation stage (divided into 18 management units)
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Table 7- Prioritization of sub-watersheds based on their participation in the peak discharge of the entire area (dividing
the watersheds into three sub-watersheds)
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Table 8- Prioritization of sub-watersheds based on their participation in the peak discharge of the entire watershed
(divide three sub-watersheds into 18 management units)
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Figure 7- Prioritization map of sub- watershed CH3 Figure 6- Prioritization map of management units
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