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Extended abstract

Introduction

Watershed management measures are implemented to maintain or restore the ecological functions of
watersheds by reducing the impacts of events such as floods, landslides, and erosion in downstream areas,
while also enhancing resource productivity and improving local livelihoods. These measures become
effective when they identify, restore, or reinforce areas of high ecological value that must be protected from
degradation or conversion to other uses. Therefore, it is essential to assess the effectiveness of watershed
management measures (both in research and implementation phases) to develop a model of their positive
or negative impacts, guiding decision-makers in planning and executing successful watershed management
projects. Project reports often emphasize the strengths and positive outcomes of these measures, while their
inefficiencies are less frequently highlighted. This study reviews and evaluates recent watershed
management projects to examine both their strengths and weaknesses.

Materials and methods

In this study, the effectiveness of several recent watershed management projects implemented in different
watersheds of Iran was assessed based on the latest available documents. The evaluated watersheds include
Behshahr-Galoogah, Maragheh (Markazi Province), Khaveh-Delijan, Asiaborud (Chalus City), and
Faryab-Golashgerd (Kerman Province). The state of water resources in these areas was also analyzed.

Results and discussion

The findings indicate both positive and negative outcomes for each project. In the Behshahr-Galoogah
watershed, sub-basins where a combination of different structures was implemented along the stream
network experienced reduced peak discharge and increased concentration time. However, in sub-basins
with few check dams relative to their area and stream length, the measures did not significantly alter stream
length, concentration time, or peak discharge, but they did help stabilize the stream's longitudinal profile.
In the Maragheh watershed (Markazi Province), specific erosion and sediment rates before and after the
implementation of watershed measures were recorded as 10.78 and 3.14 (Ton/km?), and 3.1 and 66.9
(Ton/km?), respectively. The effectiveness of watershed measures in the Khaveh-Delijan watershed was
also evident. The construction of check dams led to a reduction in peak discharge for different return periods
(5, 10, 20, 50, and 100 years), with values decreasing from 3.9 t0 0.6, 4.9 t0 2.7, 9.4 t0 5.1, 14.6 t0 8.0, and
22.4 to 12.4 md/s, respectively. Additionally, base time and lag time of the hydrograph increased by
approximately 3.5 hours. The Asiaborud watershed project demonstrated that, following the
implementation of watershed measures, specific erosion was recorded at 3.89 Ton/ha/year, and specific
sedimentation was estimated at 1.87 Ton/ha/year. Hydrological studies from 2000 to 2019 indicated a
decrease in curve number (CN), an increase in concentration time, and reductions in both peak discharge
and flood volume (by 1078.49 mm3). Consequently, financial losses caused by floods in this watershed
decreased due to the reduction in flood volume. Similarly, findings from the Faryab-Golashgerd watershed
project indicated a significant increase in concentration time and a reduction in peak discharge across all
studied return periods.
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Conclusion

Overall, the results show that most of the implemented watershed management projects had significant
positive effects, including reduced peak flood/runoff discharge, decreased erosion and sedimentation, and
increased concentration time. However, maintaining the long-term effectiveness of these measures depends
on proper care and maintenance. Additionally, integrating suitable biological measures alongside
mechanical interventions in watersheds plays a crucial role in sustaining the effectiveness of these
measures.
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Table 1. The status of macro indices of the Iran water sector in 2023 (Islamic Parliament Research Center, 2023)

Row Indicator Title Status Remarks
1 Precipitation 204 mm From the beginning of the water year to the end of June 2023
14% Decrease compared to the long-term average
11% Increase compared to the same period of the previous water year
2 Temperature Change 0.7°C Increase compared to the long-term average
3 Drought (SPEI) Severe Northern Zagros, Caspian Sea coast, southern slopes of Alborz,

Wet Conditions

and eastern regions

Scattered in the provinces of Chaharmahal and Bakhtiari,
Kohgiluyeh and Boyer-Ahmad, northern Fars, southern Isfahan,
western Kerman, and Kurdistan

4 Potable Water 1.6 billion cubic meters Volume of drinking and industrial water consumption
476 Number of cities exposed to water stress
5 Major Shared Basins East (Afghanistan) Continued drought in most regions
West (Iraq) Generally normal to slightly wet conditions
6 Reservoir Storage 31 billion cubic meters End of June 2023
20% Increase compared to the same period of the previous water year
7 Hydropower Generation 7.520 MWh Equivalent to 8% of the country's total electricity production

8  Groundwater Resources Balance

143 billion cubic meters

Minimum cumulative deficit in aquifers

9 Budget Status 8.8 trillion Rials

324 projects

Budget allocation for 2023, equivalent to 3% of capital asset
acquisition credits

Funding for water stress mitigation projects
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Table 2. The results of calculations for determining the concentration time in the study sub-basins of Behshahr-Gologah watershed

Sub-basin Characteristics Before ~ After  Sub-basin Characteristics Before After

Length (m) 3829.64 3829.64 Length (m) 9046.45  9046.45
RO1 Slope (%) 1015  10.15 P Slope (%) 8.55 8.44
Concentration Time (min) 27.01 27.01 Concentration Time (min) 55.94 56.22

Length (m) 3512.63 3512.63 Length (m) 10485.77 10485.42
RO2 Slope (%) 11.58 11.58 BH Length (m) 7.88 7.77
Concentration Time (min)  24.02 24.02 Slope (%) 64.67 65.02

Length (m) 6100.52 6100.50 Concentration Time (min) ~ 4964.45  4964.45
ROint Slope (%) 7.58 7.56 T1 Length (m) 14.19 14.19
Concentration Time (min) 43.26 43.30 Slope (%) 29.00 29.00

Length (m) 4787.41 4787.41 Length (m) 4016.55 4016.45
Ko1 Slope (%) 9.69 9.69 T2 Slope (%) 17.57 17.49
Concentration Time (min)  32.66 32.66 Concentration Time (min) 22.69 22.73

Length (m) 4709.09 4709.09 Length (m) 2505.18  2505.18
KO2 Slope (%) 11.53 11.53 T3 Slope (%) 21.17 21.17
Concentration Time (min)  30.16 30.16 Concentration Time (min) 14.68 14.68

Length (m) 8090.15 8090.11 Length (m) 10124.22 10124.18
KOint Slope (%) 7.59 7.56 z Slope (%) 13.83 13.81
Concentration Time (min) 53.74 53.82 Concentration Time (min) 50.69 50.72

Length (m) 5546.63 5546.07 Length (m) 10238.48 10238.27
M Slope (%) 8.45 8.17 SE Slope (%) 15.19 15.09
Concentration Time (min)  38.56 39.06 Concentration Time (min) 49.32 49.44
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Table 3. Flood peak discharges in the study sub-basins of Behshahr-Golugah basin - before the watershed measures.

Subbasin 2 5 10 25 50 100
RO 1 0.11 0.43 1.57 3.88 6.14 8.72
RO 2 0.28 0.18 1.04 2.98 4.94 7.28
RO int 0.70 0.71 451 7.17 9.33 11.64
KO1 0.36 0.06 0.61 0.02 3.48 5.25
KO 2 0.49 0.08 0.79 2.63 4.56 6.88
KO int 0.07 0.99 0.62 3.81 5.32 6.98

M 0.11 0.20 0.88 2.30 3.71 5.36
P 0.23 0.60 241 6.12 9.70 13.91
BH 0.00 1.40 3.80 8.11 12.05 16.49
T1 0.46 0.03 0.51 1.84 3.27 5.01
T2 0.73 0.05 0.79 2.86 5.09 7.97
T3 0.14 0.09 0.53 1.50 2.48 3.65
z 0.52 0.60 2.90 7.89 12.91 18.72
SE 0.65 0.51 2.74 7.68 12.71 18.56
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Table 4. Flood peak discharges in the study sub-basins of Behshahr-Golugah basin - after the watershed measures.

Subbasin 2 5 10 25 50 100
RO 1 0.11 0.43 157 3.88 6.14 8.72
RO 2 0.28 0.18 1.04 2.98 4.94 7.28
RO int 0.69 0.71 451 7.16 9.33 11.63
KO 1 0.36 0.06 0.61 0.00 3.48 5.25
KO 2 0.49 0.08 0.79 2.63 4.56 6.88
KO int 0.07 0.99 2.06 3.80 5.32 6.97
M 0.11 0.20 0.88 2.28 3.68 5.32
P 0.23 0.60 241 6.10 9.67 13.87
BH 0.00 1.40 3.79 8.01 12.01 16.43
T1 0.46 0.03 0.51 1.84 3.27 5.01
T2 0.73 0.05 0.79 2.86 5.08 7.97
T3 0.14 0.09 0.53 1.50 2.48 3.65
z 0.52 0.60 2.89 7.89 12.91 18.72
SE 0.65 0.51 2.73 7.67 12.69 12.53
s> 40 ‘551)21 Slolasl a.;lb -0 Jgu\?
Table 5. The results of the watershed measures in the basin
Row Factor Volume/Area Unit
1 Water Harvesting 23400 mé
2 Sediment 58847.5 mé
3 Erosion Control 61730.2 Tons
4 Flood Damage Reduction 69862.5 mé
5 Forage Increase 5404 Kg
Wiy 0 eipy ol e e Lyl —F Jgor
Table 6. Current conditions of groundwater resources in the basin
Row Type of Water Sources Quantity Annual Discharge (m3) Average Flow (I/s)
1 Spring 100 227059.2 0.79
2 Qanat 4 1617796.8 1.8
Total 104 1844856 -
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Table 7. Cost factors of measurments in the basin

Row Cost factors Factor Volume/Area  Unit  Unit price (Million IRR) Expenditure (Million IRR)
1 Mechanical 77,681 m® 5.86 455,186
2 Biomechanical 44.16 ha 4 177
3 Biological 28.44 ha 3 85
4 Managerial - ha - -

Total expenditure

455,488
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Table 8. Profit factors of measurments in the basin

Row Profit factors Factor Volume/Area  Unit  Unit price (Million IRR) Profit (Million IRR)
1 Water Harvesting * 23400 m® 0.007 114660
2 Sediment 58847.5 m® 1.5 88271.5
3 Erosion Control 61730.2 Tons 1.5 92595.3
4 Flood Damage 23410 m° 15 104793.75
Reduction
5 Forage Increase 5404 Kg 0.02 108.08
Total Profit 400428
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Fig. 2. Changes in model output hydrographs for different return periods
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Table 9. The peak flood discharge of the sub-basins before watershed measures

The peak flood discharge of different returne periods (before watershed measures)

Unit 2 5 10 25 50 100

B3 37 14.8 212 36.2 47.4 574

B4 5.6 20.1 27.8 46.5 61.4 74.2

B9 04 43 74 15.2 221 28.1
Entire the Basin 11.6 56.3 823 150.9 206.9 255.6
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Table 10. The peak flood discharge of the sub-basins after watershed measures
Unit The peak flood discharge of different returne periods (after watershed measures)

2 5 10 25 50 100

B3 291 11.64 16.68 28.48 37.29 45.16

B4 3.13 11.25 15.56 26.03 34.37 41.53

B9 0.19 2.09 3.59 7.38 10.72 13.64
Entire the Basin 9.85 47.80 69.87 128.11 175.65 217.00
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