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Extended abstract

Introduction

Implementation of watershed management measures in Iran to reduce the damage caused by the
misuse of natural resources has begun many years ago and is still ongoing. Evaluating the
performance of previous remedial work is essential for better planning of future watershed
management projects. In this regard, due to the monitoring of soil loss, runoff and sedimentation at
slope and watershed scales, a suitable platform has been provided to assess the effects of watershed
management measures.

Material and methods

The Kakhk paired watershed with an area of 217 ha is located at a distance of 300 km from Mashhad
City and 35 km southwest of Gonabad City.The Kakhk paired watershed consists of two sub-
watershds, the control and the treatment. A series of biological and structural watershed management
measures have been implemented in the treatment sub-watershed. While the control sub-watershed is
exploited according to the custom of the region. In this research, the impact of different watershed
management measures on the soil loss, sediment yield and hydrology in the Kakhk paired watershed
were evaluated. For this purpose, the recorded data of suspended sediment and discharge at the
watershed scale, as well as the data of soil loss (by standard plots and erosion pins) and runoff
(standard plots) were analyzed at the hillslope scale.

Results and discussion

The results at plot scale showed that the average annual soil loss of the two treatment and control sub-
watersheds is 0.05 and 0.27 ton.ha.y"!, respectively. These results indicate that the soil loss in the
control sub-watershed is 536% higher than the treatment sub-watershed. The amount of runoff yield
in the control sub-watershed was calculated to be 138% more than the treatment sub-watershed. At
watershed scale, the results showed that the total amount of suspended sediment output from the
control and treatment watersheds is 379 and 85 tons, respectively, which indicates the average specific
sediment of 0.4 and 0.1 ton.ha™ in the control and treatment watersheds, respectively. The volume of
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runoff in the control sub-watershed is 1.3 times more than treatment sub-watershed. On the other
hand, despite the difference between the treatment and control sub-watersheds in soil loss, run-off
production and sediment yield, the role of maximum events in soil erosion and runoff production in
both sub-watersheds is very significant. So that one to three erosive events in both studied sub-
watershes are responsible for more than 80% of the soil loss in the slopes and the production of runoff
and sediment yield of watersheds.

Conclusion

The results showed that a total of 136,000 m® of runoff storage and 294 ton of suspended sediment
control were achieved as a result of watershed operations in the treatment sub-watershed. Therefore,
it can be stated that the watershed management measures carried out in the treatment sub-watershed
on the one hand have reduced soil erosion and runoff production on the slopes compared to the control
sub-watershed. This action has been done through increasing the vegetation, increasing the roughness
of the land surface, reducing the carrying capacity of the flow and settling the materials being
transported. Further, the flow from the slopes enters the waterway and is kept by watershed
management structures, and as a result, the sediment yield and volume of runoff in the treatment sub-
watershed is less than the control sub-watershed.
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Fig. 1. The location of the Kakhk paired watershed in Khorasan Razavi Province (a), the meteorological station (b), the erosion plots
of control sub-watershed (c) and the hydrometric station of treatment sub-watershed (d)
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Table 1. The ten maximum rainfalls recorded in the Kakhk paired watershed

The relative share of the rainfall from the

Maximum intensity

No Date Maximum of daily rainfall (mm) total rainfall of th;a 0/(;;)rresponding year (@m.hr'y
0

1 2017.02.17 53.5 17.5 9.6
2 2012.02.02 46.6 16.3 14.4
3 2012.02.26 39.8 13.9 6.0
4 2016.01.02 37.8 21.8 12.1
5 2018.02.25 373 15.5 -
6 2017.01.02 29.7 9.7 12.0
7 2013.02.14 284 15.4 6.6
8  2017.02.13 27.1 8.9 13.8
9  2013.02.01 26.5 14.3 8.4
10 2017.03.20 25.8 8.4 18.6
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Table 3. The five maximum runoff events in the Kakhk paired watershed

The relative share of The relative share of

Peak disch Runoff runoff volume from the th 1 f ff
eak discharge ! e volume of runo
Subwatershed  Rank Data (lit.s) V(:r::?; ¢ total runoff of the from the total runoff of
corresponding year (/) the sub-watershed (%)
1 2012.02.02 3462.0 16760.0 94.4 44.0
2 2017.02.17 593.0 12953.0 73.9 34.0
Treatment sub-
watershed 3 2017.02.15 276.0 1099.0 6.3 3.0
4 2017.02.13 229.0 1824.0 104 5.0
5 2012.02.26 152.0 919.0 5.2 2.0
1 2012.02.26 3130.0 3708.4 8.7 4.2
2 2012.02.02 2567.0 28197.0 66.2 32.0
Control sub- 3 2016.05.10 1000.0 2475.0 100.0 2.8
watershed
4 2017.02.17 830.0 18135.0 73.9 20.6
5 2015.02.21 764.0 15660.4 100.0 17.8
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Table 4. Suspended sediment measured in the Kakhk paired watershed

Treatment sub-watershed Control sub-watershed

The relative

The relative P
contribution of

N D Sediment Specific coptrlbutlgn of Sediment Spc?mﬁc sediment yield
o ata . . . sediment yield to . sediment
concentration sediment yield - concentration . to the total
. the total sediment . yield .
(g.lit) (t.ha) (gr.lit) sediment of the
g of the sub- & (t.ha)
watershed(/) ’ sub-watershed
) (]
1 2012.02.02 45 0.7 88.6 6.0 1.5 44.7
2 2015.02.21 - - - 4.0 0.6 16.6
3 2012.02.19 - - - 6.5 0.5 14.6
4 2012.02.26 3.0 0.0 6.3 8.0 0.3 7.8
5 2016.05.10 - - - 10.0 0.2 6.5
6 2012.04.17 22 0.0 32 8.4 0.2 4.9
7 2013.02.01 3.0 0.0 1.3 8.0 0.2 44
8 2014.03.16 - - - 4.9 0.0 0.1
9 2014.11.05 3.0 0.0 0.4 3.0 0.0 0.3
10 2015.02.21 2.5 0.1 0.2 - - -
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Table 5. Statistical comparison of runoff volume, peak discharge, sediment concentration and sediment yield

Name Sub-watershed Average Relative difference (%) The significance level
Runoff volume Treatment 37881.5 132 1%
(m?) Control 88165.2 ’
Peak discharge Treatment 0.5 o
(lit.s) Control 1.1 15 1%
Sediment Treatment 3.1
1 0,
concent?atlon Control 65 109 1%
(gr.lit)
Specific sediment Treatment 0.8
yield 337 1%
(tha) Control 35
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Fig. 4. Soil erosion in the plots located in the treatment and control sub-watershed of Kakhk
0.700
0.600 A
0.500 - = Control sub-watershed
{'l\ . -
g 0.400 Treatment sub-watershed
g
g 0.300 1
[
0.200 A
0.100 A

SES aals g diges sloass> 4o iius slas,S o Gy, odgs ke -0 K&
Fig. 5. Runoff in the plots located in the treatment and control sub-watershed of Kakhk
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Table 6. Five maximum events of soil erosion from the plots located in the Kakhk paired watershed

Sub- Data er?)(s)iitl)n The relative cpntribution of soil erosion. to the The relative share of t_he erosion
watershed (kg.m?) total erosion of the sub-watershed (/) from the total erosion (%)
2012.2.2 85.0 63.7 23.6
2014.11 70.6 69.8 19.7
Treatment 20172 42.9 100.0 11.9
2011.5.2 30.9 100.0 8.6
2014.3 30.5 100.0 8.5
2012.2.2 960.0 71.1 50.6
2012.2.26 323.0 239 17.0
Control 2013.2 150.0 88.1 7.9
2011.5.2 123.0 100.0 6.5
2014.3 105.0 58.7 5.6
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Fig. 6. Erosion or sedimentation measured by erosion pins in the sub-watersheds of the treatment (top) and control (bottom)
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Table 7. Statistical comparison of runoff volume, soil loss measured by erosive plots and pins

Name Sub-watershed Average Relative difference (%) The significance level
Runoff volume Treatment 0.19 0 50
(m®) Control 0.27 0
Soil erosion Treatment 0..05 o
(t.ha™)-plot Control 0.27 440 1%
Soil erosion Treatment o
(t.ha)-pin Control 141 1%
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