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Abstract

This study investigates the effectiveness of precipitation storage operations, specifically crescent
catchment systems, as an innovative and beneficial approach for rangeland restoration in arid and
semi-arid regions of the country. The Chadaroyeh basin was selected as the study area, where
four biological and biomechanical implementation programs were designed to manage and collect
existing runoff. A total area of 93.23% of the Chadaroyeh watershed was designated for crescent
catchment systems, incorporating seeding efforts. Additionally, three mortar rock weirs and five
dry weirs were strategically designed at the basin outlet, taking into account the annual inflow
and the morphology of the main waterway. Two mortar rock weirs were constructed to control
sedimentation and protect the soil upstream, while a sediment-retaining mortar rock weir was
built at the outlet of the CH1 and CH2 sub-basins. The remaining five dry weirs were positioned
around the aforementioned structures and in secondary and tertiary waterways. The SCS method
was employed to estimate flood volumes for various return periods. Results from estimating the
water intake capacity of the crescent catchments revealed that, by applying this method to 1796.76
ha of the Chadaroyeh watershed, a total of 2,454,515.79 m? of surface runoff would be stored
annually. When considering the flood volumes for different return periods, the total storage
capacity of the three mortar rock structures was estimated to be 88,000 m3 for a 25-year return
period, which accounts for only 11.9% of the total 25-year flood volume. However, these
structures manage and store 75.3% and 25.8% of the total flood volume in the Chadaroyeh
watershed for 2- and 5-year return periods, respectively.
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Extended Abstract

Introduction

Reduced rainfall and inappropriate temporal distribution are one of the problems and issues in the
natural resources of our country. The aforementioned factors limit the conditions for the
establishment and growth of various rangeland and forest species, especially in arid and semi-arid
regions. In order to deal with this problem, in addition to implementing improvement and restoration
operations in rangeland ecosystems in arid and semi-arid regions, along with cultivating plant species
compatible with the climatic conditions of the region, management and collection of runoff from
atmospheric precipitation is necessary (12). Management and collection of surface runoff is possible
through various biomechanical and structural methods. Crescent catchment, as one of the types of
biomechanical methods for managing and collecting atmospheric precipitation with the aim of
improving and restoring rangelands in arid and semi-arid regions, has become common in Iran in
recent years (3). Water catchment crescents are considered structural operations due to their
construction, but because they are usually accompanied by planting, they can be considered a
biomechanical method (15). Water catchment crescents are actually short horizontal banks that are
built in an arc or arc shape to create micro-watersheds (16). The most important and prominent goals
of constructing water catchment crescents include controlling and storing surface water runoff,
increasing water infiltration in the soil, controlling erosion and preventing soil loss, creating a suitable
microclimate for plant growth, and finally creating a suitable ground for implementing rangeland
improvement and restoration projects (15). The effective factors and appropriate levels for
constructing and implementing water catchment crescents include rainfall, slope, canopy cover, cover
condition, soil depth, soil texture, and the amount of rock and gravel (Table 1). Some of the research
conducted on the performance and effectiveness of crescent catchment systems are as follows. In the
Kumiran rangelands of Qain County, South Khorasan Province, the effect of holes and their location in
the rangelands, as well as the best place to plant shrubs inside the crescent-shaped hole, has been
investigated (10). A study in Sarbisheh County, South Khorasan Province, examined the impact of the
crescent-shaped water intake system on changes in rangeland plant production, soil moisture, and
texture in dry and steppe rangelands. Based on this study, it was determined that rangeland plant
production has more than doubled in the project implementation area (12). In a study conducted in the
rangelands of Narun region of Khash County, Sistan and Baluchestan province, a comparison of
diversity and species richness indices using parametric and nonparametric methods was conducted in
the improved area under the influence of crescentic water intake operations and the control area.
According to the results of this study, the implementation of crescentic water intake has resulted in a
uniform vegetation cover in the area, which has resulted in better plant diversity and greater ecosystem
stability (6). In the Zirkuh region of South Khorasan province, the effect of the crescent catchment
system on vegetation cover and soil moisture levels under wet and drought conditions has been
investigated and compared. The results showed that the implementation of the crescent catchment plan
in the region has increased vegetation cover compared to the control region (19). In addition, in some
studies, the effectiveness of crescent catchment systems on increasing agricultural production has been
reported (2, 7, and 11). According to previous studies, the role of crescent catchment systems in
managing and collecting runoff in the region and comparing the performance of these systems with
mortar rock dams has been less studied. The present study investigates the role of crescent catchment
systems in managing and collecting runoff in the region and comparing the performance of these
systems with mortar rock dams in the Chadaroyeh watershed of Jahrom County, Fars province. The
present study investigated the role of crescent catchment systems in managing and collecting runoff in
the region and compared the performance of these systems with mortar rock dams. The Chadaroyeh
watershed in Jahrom County, Fars Province is the study area of this study. With this study, the
performance of crescent catchment systems with mortar rock dams has been compared.

Material and Methods
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Accordingly, an area of 1796.76 hectares, equivalent to 23.93% of the total area of the Chadarviyeh watershed,
has been designated for the construction of crescent-shaped water intake systems with seeding (Table 2 and
Fig. 2, 3 and 4). In addition, three mortar rock weirs and five dry-fill weirs have been designed at the outlet of
the basin, considering the annual inflow and morphology of the main waterway, and two mortar rock weirs
have been designed at the outlet of sub-basins CH1 and CH2 to control sediment and protect soil in the
upstream of the basin. In addition, five dry-fill weirs were designed around the aforementioned structures and
in second- and third-grade waterways. The SCS method has been used to determine the flood volume in
different return periods (Tables 3 and 4).

Results

The results of estimating the water intake volume in the intake crescents showed that by implementing this
method on 1796.76 hectares of the Chedarviyeh watershed, 2454515.79 m3 of surface runoff will be stored
annually (Tables 5,6 and 7). Considering the flood volume in different return periods for the Chedarviyeh
watershed, the total storage volume of the three rock-mortar dam structures was estimated to be 88,000 m3
with a 25-year return period, which only extracts and manages 11.9% of the total 25-year flood volume (Table
8). In total, these structures manage and store 75.3% and 25.8% of the total flood volume generated in the
Chedarviyeh watershed for 2- and 5 year return periods, respectively (Table 8).

Conclusion and discussion

Considering the performance of crescent catchment systems in extracting and managing surface runoff up to
the level of extracting 100% of the runoff generated in the Chedarviyeh watershed
during different return periods, the high effectiveness of this method in extracting and managing runoff and
floods is determined (Table 9). This advantage, along with other advantages of this method, including low
implementation cost, maximum compatibility with natural resources and the environment, simplicity of
implementation, speed of implementation, the possibility of planting seedlings and seeds in the system
environment, moistening the topsoil in a wide area of the watershed, creating a place to provide water for
livestock and wildlife in the watershed, with the occurrence of strengthening and revitalizing pastures,
preventing soil erosion, transferring watershed management activities from the waterways to the slopes, and
the health and stability of the watershed and its relative superiority over mortar stone structures in extracting
a larger volume of surface runoff, the importance and efficiency of this method for extracting runoff and floods
are increasingly proven.

Keywords: Watershed management; Eco-builders; Rainfall storage; Drainage management; Rangelan

Table 1. Suitable parameters and conditions for the construction and implementation of crescent catchment

No. Factor Description Unit Range Sources

Average annual

rainfall mm 0 to 600 (4, 14,16, 17)

The slope between 4% and 20% is

2 Slope the most suitable for crescent %
water intake construction.
Areas with a canopy cover of more

3 Canopy cover than 30% are not suitable places to % Less than 30 (4,14,16,17)
build water catchment crescents
Poor to very poor vegetation cover

4 Vegetation is suitable for constructing water - Poor to very poor (4,14,16,17)
catchment crescents

410 20 (up to 60 under

certain conditions) (4,14,16,17)

Shallow to semi-deep (25 to

5 Soil depth - cm 80)

(4,14, 13)

6 Soil texture Semi-heavy soils include loam, - Semi-heavy (4,14, 13)
sandy loam, and clay loam

In areas with a risk of mass soil
movement and high salinity
7 Rocks and pebbles . . - Less than 30 (4,14,16,17)
surface soil, drainage -crescents
should not be recommended.
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Fig. 1. Location of the watershed under study

Table 2. List of biological and biomechanial operations

No. Type Percentage of total Area (ha) Considerations
1 Rangeland Audit Northern parts of the basin -
2 Rampage work with a shale pit 31.29 1432.75 -
Construction of a water intake
3 crescent with seeding 39.23 1796.76 .
In lands without the
4  Protected ~lands  (long-term 26.52 121435 ability to implement

protection)

biological projects
5 Protection and enclosure of 7052 322951 )
rangeland management projects

Table 3. Characteristics of the designed structures in the Chedarouyeh watershed

Structure Subbasin UTM Water intake Useful height of the
No Structure Type code code longitude latitude volume (m3) structure (m)
1 Stone-mortar barrier Chl CH-int 750100 3183895 42785 4
2 Stone-mortar barrier Ch2 CH-int 749520 3184030 34900 4
3 Stone-mortar barrier Ch3 CH-int 743485 3189960 10305 35
4 Dry dock Khi CH-int 749290 3184000 - -
5 Dry dock Kh2 CH-int 749090 3184100 - -
6 Dry dock Kh3 CH-int 748650 3184200 - -
7 Dry dock Kh4 CH-int 743600 3190370 - -
8 Dry dock Kh5 CH-int 743430 3190200 - -
| A 'l

Biology and biomechanics planning map

Legend J o VTS |
! ) !

Construction of a crescent shaped
Conservation lands l ‘ I
Water pool
Garden
Irrigation
Drainage l‘ r 'l
Mine

Bush work

Fig. 2. Location of biological, biomechanical, and structural projects in the Chadarviyeh watershed

Table 4. The results of flood volume for different return periods obtained using the SCS method
Flood volume with different return periods (m3)

Ubbasin code

2 5 10 25 50 100
Total basin 116845 340537 506524 748588 933535 1135360
CH1 49695 1222909 178671 255098 315408 377860

CH2 16486 41296 60298 86410 107052 128453
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5.60m 2.80m 5.60m

Fig. 3. Layout pattern of the of Crescent Catchment Systems

Table 5. Values of different crescent dimensions of the catchment in each of the slope categories

. . . Category Slope (%0)
No. Dimension Unit
5-0 8-5 12-8  25-12
1 Excavation volume for each crescent m3 14 3.8 4.46 10.32
2 Maximum excavation length behind the crescent m 5.8 85 5.8 5.8
3 Maximum excavation depth m 0.11 0.11 0.11 0.11
4 Length of crescent arc Crescent semicircle m 8.79 8.79 8.79 8.79
5 Average slope of the ground % 0.025 0.065 0.100 0.185
: Crescent Embankment
Crescent back water intake volume .
-_ -
_ Earth's surface
—_—— T ——
\/4 7 s
1 — —~—— F 4
Excavation volume vl
Fig. 4. Longitudinal cross-section of the catchment crescent and its catchment volumes
Table 6. Area and number of water catchment crescents in each slope class
Slope class  Area of catchment crescents per Number of catchment Number of catchment crescents
No.
(%) slope class (ha) crescents per hectare per slope class (Number)
1 0-5 1197.33 204 244255
2 5-8 265.75 204 54213
3 8-12 154.92 204 31604
4 12-25 178.76 204 36467

5 sum 1796.76 - 366539
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Table 7. Estimated volume of Crescent Catchment System in the Chedarouyeh watershed by slope class
The number of catchment  Watering capacity The amount of water The water intake
Slope Class - h
No. (%) crescents in each slope of a crescent unit taken from the crescents volume of the water
category (Number) (m3) in hectare (m®) intake crescents (m®)
1 0-5 244255 3.25 663 793829.8
2 5-8 54213 7.6 1550.4 412018.8
3 8-12 31604 11.86 32415.36 374187.57
4 12-25 36467 23.98 4891.92 874479.62
5 Sum 366539 - - 24545515.79

Table 8. Percentage of total water intake from rock mortar dams during different return periods in the

Chedorouyeh watershed.
No. Return period (Year) Flood volume (m?) Flood extraction (Percent)
1 2 116865 75.3
2 5 340537 25.8
3 10 506524 174
4 25 748588 11.9
5 50 933535 9.4
6 100 1135360 7.8

Table 9. The percentage of water taken by Crescent Catchment System during different return periods in the

Chedarouyeh watershed

No. Return period (Year) Flood volume (m?) Flood extraction (Percent)
1 2 116845 100
2 5 340537 100
3 10 506524 100
4 25 748588 100
5 50 933535 100
6 100 1135630 100
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