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Management, Watersheds, as one of the natural open systems and the most important source of water
Measurable, and hydroelectric power, require comprehensive planning in various fields.
Parameters, Hydrological, climatic, geological, geomorphological features and population centers
Hydrogeomorphometry, located in watersheds and their influence area play an important role in the type of
Flooding, Bastam planning and management of the basin. The mutual effects caused by different
Watershed. resources and living and non-living components in a watershed necessitates the

implementation of an integrated and systematic management model in it with the aim
of optimal utilization of resources and coordination and movement in the direction of
sustainable development. Considering the studies and the lack of consideration of the
comprehensive management of watersheds in most of the programs, as well as the
failure to evaluate the hydrogeomorphometric components in the Bastam watershed,
the purpose of this research is to determine, measure and analyze the integrated
hydrological, morphometric and geometric components of this watershed, in the
direction Knowing the hydrological potentials and the comprehensive management of
this basin from the perspective of the occurrence of natural hazards such as flooding
and the amount of sedimentation and soil erosion. Therefore, the results of this
research are of great importance in environmental planning and risk and crisis
management of watersheds.

Methodology
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First, the area of Bastam watershed was investigated using Google Earth images and

Accepted: 2024/12/07 basic maps such as 1:50000 topography, and boundaries were determined based on

Published: 2025/04/19 ridges and topographic boundaries and separated from the surrounding areas. Then, its
digital elevation model with a cell size of 28.98749021 meters was obtained from the
usgs.gov database and was limited to the borders of the study area in the ArcGIS
software.
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Regarding the hydrogeomorphometric components of the basins, the roughness components and the elevation
distribution of the watershed in the form of height classes, altimetry and hypsometric curves were studied. The layer of
slope was calculated using the formula of ratio between height difference and horizontal distance based on the digital
elevation model and was classified based on natural breaks and comparison of averages. The aspect (slope direction)
layer was classified based on the angular difference of the domain direction with respect to the North Pole and based
on the digital elevation model of the region and the eight directions with an angular difference of 45 degrees. The
characteristics related to the drainage network of the watershed were extracted from the topographic maps and ranked
based on Strahler's method. Accordingly, the digital layer of drainage density and branching ratio component was
calculated using the relevant functions and in the ArcGIS software. The digital layer of the buffer waterways was
calculated and drawn based on the Euclidean distance in the ArcGIS software. The profile of the main waterways was
also extracted and drawn using the data of the digital elevation model and ranking of the waterways and software data,
and accordingly, the concentration time was calculated using the Krepich equation. The components related to the shape
of the watershed and its physiography, such as the area, perimeter, length and width of the equivalent rectangle, and the
compression coefficient, were also calculated through the relations provided by hydrologists.

Results and Discussion

The results of roughness show the elevation range from a minimum of 1351 to a maximum of 3908 meters, and the
maximum extent of the watershed with an area of 183.098 square kilometers (13.773 percent of the total) is located in
the altitude range of 1400 to 1500 meters. In addition, more than 53.58 percent of the area of the basin (712.2672 square
kilometers) is located at altitudes below 2000 meters. The maximum expansion of the watershed area at minimum
altitudes indicates the receipt of atmospheric precipitation in liquid form, which requires management measures and the
preparation of a comprehensive plan to deal with flooding and soil erosion. The hypsometric curve of the studied
watershed is stretched to the left. These conditions indicate that the study area has passed its youth period and its aging
period has begun. According to the altimetry chart, more than 52.075% of the area of the basin is located at minimum
altitudes between 1351 and 2000 meters. On the other hand, the height range of 2050 to 3854 meters covers only
46.424% of the area of the basin. Therefore, it can be said that the mentioned basin is considered an old basin from the
point of view of life cycle and erosion cycle, and with normal rainfall, it has low to moderate flooding. The average
height of Bastam watershed was calculated to be 2085.341 meters. In other words, the height ranges from 1351 to
2085.341 meters with a difference of 734.341 meters, which includes 50% of the area of the basin in the catchment and
waterways, in contrast to the height range from 2085.341 to 3908 meters with a difference of 1822.659 meters, which
is 50% of the basin area. It covers the watershed area; it is almost one third and it is small.

The slope of the watershed varies from a minimum of 0 to a maximum of 184.027%. According to the fact that lands
with a slope of less than 10% occupy the largest area of the basin, i.e., 45.12% of its area, it can be concluded that the
study basin is relatively flat and has a low slope. Also, based on the results, the average slope of Bastam basin was
calculated as 21.7887%, it can be said that the study basin has a low slope and in general, it is considered to be an almost
flat area. The slope direction follows more than the east-west trend due to the general trend of the roughness of the
Alborz Mountain. Also, the largest area of the region with 321.5795 (24.525%), 257.5144 (19.638%) and 233.0739
square kilometers (17.775%) belongs to the southeast, south and east geographical directions, respectively. The area of
land without slope or flat direction in the basin is very small with an area of 2.9107 square kilometers (0.22%).
Drainage density in Bastam watershed with a value of 0.2985 kilometers per square kilometer has very poor drainage
conditions, therefore, in times of flooding with a heavy discharge volume, the possibility of runoff flowing out of the
waterway bed is very high, which exposes human activities around the waterways to possible flood risks. There are
waterways of rank 1 to 4 in the study watershed, which have a total length of 396.8038 km. Category 1 waterways have
the highest number of 43 cases, which shows the relatively high density of this type of waterway and the medium to
fast evacuation of floods in times of occurrence. The value of the bifurcation coefficient of the study watershed is
3.5278, which is considered a watershed with low to moderate landslides.

Due to the fact that Bastam watershed extends in two completely opposite directions, i.e. west and east, it has several
main waterways, some of which drain the eastern half and some others drain the central and western half of the basin.
In this basin, the largest main waterway is No. 2, which starts at an altitude of 3339.3383 meters and runs west-east
after a distance of 62.6575 kilometers. It is mature and its power of landslides and erosion is low to moderate. The
concentration time of Bastam watershed is equal to 6.0656 hours based on the characteristics of the largest main
waterway number 2. In other words, the mentioned basin has a maximum flood state with 6-hour continuous rains,
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which in case of occurrence requires flood risk management in the region. The value of this coefficient in Bastam
watershed is 0.0935 and it indicates that the shape of the basin is close to a rectangle and it is moderate to weak in terms
of flooding. Also, the length and width of the rectangle of Bastam watershed are 91.842 and 19.174 km, respectively,
and their ratio is 4.7898, which indicates the low flood situation of this basin.

Conclusions

The study and investigation of hydrogeomorphometric parameters of Bastam watershed shows the mode of moderate
to slow discharge of runoff by transitional arteries and its low to moderate flooding. Therfore, it can be said that the
younger a watershed is in terms of age and the greater the longitudinal slope of its waterways, the faster its runoff
discharge is, and its hydrograph faces sudden changes at its peak, which is the opposite of this situation in the study
basin. All in all, these cases indicate the maturity and low to moderate flooding of the said basin, and to some extent it
requires flood control and flood control operations. Also, from the study of parameters in this basin, it appears that the
existing waterways are of a type where the difference in height between the headwater and the downstream is medium
to high and they are mainly fed by the origin of rainfall and surface runoff. In the management of these types of
waterways, flood control and surface water containment are a priority and requires several plans such as damming, dam
construction and hydroelectric power generation, water transfer, flood control, and erosion at the source. In general, the
results showed that the Bastam watershed is a mature basin with a relatively moderate and smooth slope, and its slopes
in the upstream are exposed to excavation due to its youth. The shape of the basin is similar to a rectangle, as a result,
its concentration time is medium to high, and it is a basin with low to medium flooding, which has a maximum flood
state with 6-hour rains. Considering the occurrence of maximum runoff in the spring and winter seasons, when the water
demand of the ecosystem is minimal, and also the geological structure governing the basin in terms of Quaternary
sedimentary materials, it is suggested that the runoff in the basin in these seasons is for artificial feeding and
strengthening of underground water tables in the form of flood spreading. In the field of comprehensive management
of the watershed, studies are proposed to apply planning methods. In other words, the water resources of the watershed
should be considered in terms of consumption, production, storage, meeting the needs of the ecosystem, artificial
feeding, and aspects of nature tourism and geotourism. In the end, it is suggested that comprehensive land preparation
of the study watershed, knowing the exact status of water resources and investigating its sensitive ecosystems based on
systematic approach and scientific principles.
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Figure (1): Geographical location of Bastam watershed
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Figure (2): Elevation distribution map of Bastam watershed
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Table (1): Parameters related to the elevation and in roughness Bastam watershed (source: author's calculations)
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Figure (3): Hypsometric curve (right) and dimensionless hypsometry (left) of Bastam watershed
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Figure (4): Altimetry curve of Bastam watershed
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Figure (5): Map of slope in Bastam watershed
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Table (2): Area distribution of slope in Bastam watershed (source: author's calculations)
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Table (3): Area distribution of aspect (slope direction) in Bastam watershed (source: author’s calculations)
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Figure (6): Map of aspect (slope direction) in Bastam watershed
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Figure (7): Map of ordering the waterway network in Bastam watershed
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Table (4): Characteristics of ordering waterways in Bastam watershed (source: author's calculations)
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Figure (8): Map of drainage density in Bastam watershed
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Figure (9): Map of distance from waterways and determining their buffer in the Bastam watershed
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Figure (10): The main waterways of Bastam watershed
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Figure (11): Longitudinal profile of the main waterways of Bastam watershed
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Table (6): Characteristics of the most important waterways of the Bastam watershed and their concentration time (source: author's
calculations)
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Figure (12): The equivalent rectangle of Bastam watershed
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